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Appendix  HIE.  Accuracy  Assessment  of  RAYMODE  X 
Compared  to  Lorad  Experimental  Data  (U) 


Lorad  (U) 

Environment  (U) 

(C)  The  sound  speed  profile  selected  for 
model  runs  (Martin,  1982)  consists  of 
the  merge  between  an  average  near  sur- 
face profile  (to  150  m)  and  a Nansen 
cast  taken  about  one  month  after  the 
experiment.  The  upper  150  ra  of  the  pro- 
file was  the  result  of  averaging  three 
bathythermograph  records,  one  at  the 
receiver  and  two  at  a distance  of  one 
convergence  zone  (CZ).  Sound  speeds  were 
originally  calculated  from  equations  fit 
by  Mackenzie  to  tables  of  Kuwahara. 
These  were  later  corrected  to  Wilson's 
equation.  The  sound  speed  is  plotted  and 
tabulated  in  Figure  IIIE-1.  A surface 
duct  is  found  to  a depth  of  30.5  m over- 
lying  a deep  sound  channel  with  axis  at 


750  m.  The  profile  has  a positive  depth 
excess  of  975  ra  and  intersects  the  bot- 
tom at  5670  m. 

(C)  The  bottom  class  is  MGS  Type  7.  Bot- 
tom loss  versus  grazing  angle  is  listed 
in  Table  I1IF.-1  and  plotted  in  Figure 
IIIE-2.  At  0°  the  loss  is  16.7  dB,  which 
increases  to  17.2  dB  at  15°.  The  maximum 
bottom  loss  of  19.0  dB  is  found  at  73° 
and  the  loss  at  normal  incidence  in  18.9 
dB. 

Test  Cases  (U) 

(C)  Two  test  cases,  each  consisting  of 
seven  subsets  were  selected  for  use  in 
model  evaluation.  The  LORAD  experimen- 
tal data  for  Cases  IA  through  IIG  are 
shown  in  Figures  IIIE-3  through  HIE- 
16. 


Case 

Run 

Number 

Frequency 

(Hz) 

Source 

Depth 

(m) 

Receiver 

Depth 

(m) 

Bottom 

Bounce 

Region 

Convergence 

Zone 

ra 

35 

■H 

■■rarara 

EQ:  . . 

First 

First 

65 

15.2 

KEEI 

Second 

Second 

iflf 

85 

530 

15.2 

30.5 

- 

Third 

ID 

105 

530 

15.2 

30.5 

- 

Fourth 

IE 

125 

530 

15.2 

30.5 

- 

Fifth 

IF 

145 

530 

15.2 

30.5 

- 

Sixth 

IG 

165 

530 

15.2 

30.5 

- 

Seventh 

IIA 

3D 

530 

15.2 

304.8 

First 

First 

IIB 

6D 

530 

15.2 

304.8 

Second 

Second 

IIC 

8D 

530 

15.2 
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Accuracy  Assessment  Results  (U) 

(C)  The  accuracy  assessment  procedures 
were  followed  as  outlined  In  section  1*1 
and  as  described  in  detail  in  section  5 
of  Volume  I of  this  series.  We  note  at 
this  point  that  the  maximum  range  (440 
km)  of  the  LORAD  data  coupled  with  its 
high  data  density  necessitated  three 
model  runs  to  capture  the  entire  range 
extent  (0-150  km,  150-300  km,  300-440 
km).  These  three  runs  consisted  of  300, 
300,  and  280  points  yielding  a point 
every  0.5  km  over  the  full  range.  Two 
features  of  the  RAYMODE  X model  made 
this  possible:  (1)  independent  selection 
of  start  range  and  range  increment  and 
(2)  the  maximum  number  of  points  dimen- 
sioned to  400  points. 

(U)  The  following  plots  are  given  for 
each  of  the  fourteen  LORAD  cases:  (a) 

RAYMODE  X output  using  the  coherent 
phase  addition  option,  (b)  coherent  RAY- 
MODE X output  smoothed  by  application  of 
a 2 km  sliding  average,  (c)  smoothed 
coherent  RAYMODE  X output  subtracted 
from  LORAD  experimental  data,  (d)  RAY- 
MODE  X output  using  the  incoherent  phase 
addition  option,  (e)  Incoherent  RAYMODE 
X output  subtracted  from  LORAD  experi- 
mental data.  Those  plots  are  presented 
in  Figures  IIIE-17-86. 

(C)  Means  and  standard  deviations  of  the 
differences  between  RAYMODE  X and  the 
LORAD  data  are  given  in  each  case  in 
Table  IIIE-2.  A positive  mean  value 
indicates  lower  propagation  loss  for 
RAYMODE  X than  for  LORAD  data,  and  the 
model  prediction  is  therefore  optimistic 
with  respect  to  the  experimental  result. 
For  this  situation,  detection  ranges  as 
predicted  by  the  model  are  greater  than 
those  indicated  by  the  experimental 
data.  For  a negative  mean  value  the  con- 
verse of  the  above  holds.  We  shall  now 
examine  the  differences  between  the  RAY- 
MODE and  LORAD  results  by  the  "Differ- 
ence Method."  The  reader  is  encouraged 
to  refer  to  Table  IIIE-2  and  the  appro- 
priate figures  while  reading  the  follow- 
ing text.  We  recall  that  Cases  IA-IG 
apply  to  a receiver  at  the  surface  duct 


boundary  of  30.5  m (100  feet)  and  Cases 
IIA-IIG  apply  to  a receiver  at  305  m 
(1000  feet).  For  Case  IA  in  the  bottom 
bounce  region,  the  LORAD  data  succes- 
sively shows  less  loss,  greater  loss, 
and  less  loss  again  compared  to  RAYMODE 
X as  range  increases.  Only  between  5 and 
15  km  and  then  between  40  and  52  km  is 
there  basic  agreement  in  the  bottom 
bounce  region.  It  would  appear  that  from 
the  nature  of  the  disagreement,  a change 
in  MGS  bottom  loss  type  would  not  result 
in  a significantly  better  difference 
curve.  The  RAYMODE  X first  convergence 
zone  is  broader  than  LORAD' s,  the  pri- 
mary effect  being  onset  at  shorter 
range.  The  RAYMODE  CZ  is  double-lobed ; 
LORAD 's  CZ  is  single  lobed.  The  higher 
bottom  loss  of  LORAD  in  the  area  of  the 
first  CZ  (as  compared  to  the  bottom  loss 
of  RAYMODE  before  and  a ter  the  CZ)  per- 
mits the  observation  of  the  CZ  to  propa- 
gation loss  values  greater  than  100  dB. 
For  Case  IB,  there  is  fair  agreement 
between  LORAD  and  RAYMODE  in  the  second 
bottom  bounce  region  to  75  km,  particu- 
larly for  the  incoherent  option.  From  75 
to  90  km,  the  experimental  data  shows 
greater  loss  than  the  model.  From  90  to 
110  km,  LORAD  and  RAYMODE  are  in  basic 
agreement . From  1 10  km  to  the  onset  of 
the  second  convergence  zone  at  about  120 
km,  RAYMODE  shows  an  average  of  12  dB 
less  loss  than  the  LORAD  data.  In  the 
second,  as  in  the  first  bottom  bounce 
region,  the  nature  of  the  differences 
between  the  LORAD  data  and  RAYMODE  pre- 
dictions could  not  be  greatly  improved 
by  a change  in  MGS  bottom  loss  type.  The 
second  convergence  zone  as  predicted  by 
RAYMODE  X may  be  in  good  agreement  with 
that  of  the  LORAD  data  but  it  is  diffi- 
cult to  tell  due  to  some  unusual  fea- 
tures of  the  LORAD  data  at  the  start  of 
the  zone  and  a low  data  density  at  the 
end  of  the  CZ.  In  Case  IC,  the  start  of 
the  third  convergence  zone  is  steeper 
for  RAYMODE  X than  for  LORAD.  Aside  from 
this,  shape  and  duration  of  the  third  CZ 
are  roughly  equal.  The  level  of  fluctua- 
tions in  the  LORAD  data  and  in  the  un- 
smoothed RAYMODE  X coherent  output  are 
approximately  the  same.  LORAD  shows  a 
double-lobed  CZ;  the  RAYMODE  coherent  CZ 
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is  multi-lobed  and  the  incoherent  CZ  is 
basically  double-lobed.  For  Case  ID,  the 
fourth  convergence  zone  onset  is  earlier 
for  LORAD  than  for  RAYMODE.  Aside  from 
this,  however,  the  two  are  in  basic 
agreement  and  any  differences  are  due  to 
fluctuations  within  the  LORAD  conver- 
gence zone.  For  Case  IE,  the  CZ  start 
has  a steeper  slope  for  RAYMODE  than  for 
LORAD.  Aside  from  this  difference,  the 
LORAD  data  and  RAYMODE  prediction  are  in 
agreement  with  respect  to  CZ  shape  and 
duration.  The  LORAD  fifth  CZ  does,  how- 
ever, show  more  scatter  than  does  RAY- 
MODE. For  Case  IF,  the  envelopes  of  the 
LORAD  and  JOAST  sixth  convergence  zone 
are  almost  identical  from  360  to  382  km; 
the  LORAD  CZ  does  however  extend  about  2 
km  beyond  RAYMODE  *s.  The  RAYMODE  X co- 
herent result  shows  maximum  fluctuations 
of  10  dB;  LORAD  data  has  fluctuations  as 
large  as  15-20  dB.  Case  IG  gives  the 
seventh  convergence  zone.  The  CZ  start 
for  LORAD  precedes  that  of  RAYMODE  X by 
about  3 km.  The  low  loss  envelope  of  the 
LORAD  data  agrees  with  the  RAYMODE  CZ. 
The  LORAD  CZ  shows  far  more  fluctuation 
in  the  CZ  than  does  RAYMODE.  The  CZ  end 
for  LORAD  and  RAYMODE  X coherent  are  in 
close  agreement.  The  RAYMODE  incoherent 
curve  does  not  Indicate  a CZ  end  at  the 
greatest  range  (440  km)  for  which  calcu- 
lations were  made . 

(C)  We  now  turn  to  the  deep  receiver  at 
1000  feet  (305  m);  For  Case  IIA,  the 
RAYMODE  X predictions  are  pessimistic 
(i.e.,  show  higher  propagation  loss) 
compared  to  LORAD  data  in  the  first  bot- 
tom bounce  region.  Displacement  of  10  dB 
would  bring  close  agreement  in  this  re- 
gion to  a range  of  about  50  km.  Between 
50  km  and  the  onset  of  the  first  CZ  the 
curves  would  be  better  left  unshifted. 
The  onset  of  the  first  CZ  for  RAYMODE 
precedes  LORAD’ s by  about  2 km.  This 
also  holds  for  the  placement  of  the 
notch  in  the  double-lobed  convergence 
zone.  The  CZs  have  nearly  identical  end 
ranges.  For  Case  I IB  (as  was  true  in  the 
first  bottom  bounce  region),  a shift  of 
the  model  by  10  dB  to  lower  propagation 
loss  would  bring  RAYMODE  X predictions 
and  LORAD  data  into  basic  agreement  in 


the  second  bottom  bounce  region.  The 
RAYMODE  second  convergence  zone  has  a 
steeper  slope  at  onset  than  does  LORAD. 
Beyond  this  the  two  CZs  are  in  general 
agreement.  The  third  convergence  zones 
are  given  in  Cane  IIC.  The  RAYMODE  re- 
sult shows  a steeper  CZ  onset  at  greater 
range  than  does  LORAD  data.  Beyond  this, 
the  LORAD  and  RAYMODE  convergence  zone 
are  in  rather  close  agreement,  the  pri- 
mary difference  being  a greater  scatter 
in  the  LORAD  data.  In  Case  IID,  the 
fourth  convergence  zone  is  only  partial- 
ly defined  by  the  LORAD  data  which  does 
not  extend  to  zones  end . We  have  become 
accustomed  to  seeing  the  LORAD  CZ  onset 
precede  that  of  RAYMODE  and  rise  more 
gently;  the  fourth  CZ  does  not  belie 
this  expectation.  Also  as  usual,  past 
the  start,  agreement  Is  achieved  between 
the  LORAD  and  RAYMODE  convergence  zones. 
For  this  case,  the  extent  of  fluctua- 
tions is  roughly  the  same  for  model  and 
experimental  data.  In  Case  HE,  once 
again  the  CZ  start  for  LORAD  precedes 
that  of  RAYMODE  and  is  less  steep.  Be- 
yond this,  basic  agreement  is  found, 
particularly  regarding  the  CZ  end.  LORAD 
data  shows  greater  fluctuation  than  co- 
herent RAYMODE  predictions,  especially 
in  the  first  half  of  the  CZ.  In  the 
sixth  convergence  zone,  shown  in  Case 
IIF  results,  once  again  the  LORAD  CZ 
precedes  that  of  RAYMODE  X and  rises 
more  gently.  Beyond  this  agreement  in 
shape  is  basically  found  although  the 
LORAD  low-loss  envelope  is  about  2-3  dB 
above  RAYMODE ’s.  The  CZ  ends  of  LORAD 
and  RAYMODE  are  in  agreement . The  extent 
of  fluctuations  is  roughly  the  same  for 
LORAD  and  RAYMODE.  In  Case  IIG,  we  have 
the  seventh  convergence  zone,  although 
the  LORAD  data  does  not  extend  to  the 
end  of  the  CZ.  The  CZ  start  for  LORAD 
precedes  that  of  RAYMODE  X by  about  8 
km.  Both  LORAD  and  RAYMODE  basically 
agree  in  level  in  the  CZ.  The  LORAD  data 
shows  slightly  more  fluctuation  within 
the  zone . 

(C)  Detection  ranges  for  LORAD  experi- 
mental data  and  RAYMODE  k predictions  as 
a function  of  figure  of  merit  (F0M)  are 
given  in  Tables  IIIE-3  through  IIIE-16 
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for  Casas  IA  through  IIG.  Since  the 
LORAD  data  and  RAYMODE  X predictions 
often  are  characterised  by  fluctuations 
the  concept  of  zonal  detection  coverage 
(ZDC)  is  introduced.  ZDC  is  given  as  a 
percentage  of  the  data  points  in  a given 
range  interval,  the  propagation  loss  of 
which  is  less  than  a stated  figure  of 
merit.  This  corresponds  to  the  percent- 
age of  opportunities  for  which  detection 
can  be  made  on  a single  look  basis.  In 
Case  IA,  the  LORAD  data  is  seen  to  give 
much  greater  detection  coverage  than 
RAYMODE  predictions  for  FOM  100  dB  in 
the  first  bottom  bounce  region.  For 
FOM  - 105  dB,  RAYMODE  coherent  gives 
less  coverage  than  LORAD  data  while  RAY- 
MODE incoherent  predicts  more  in  the 
first  bottom  bounce  region.  The  first  CZ 
start  is  seen  to  occur  about  2 km  earli- 
er for  RAYMODE  predictions  than  for 
LORAD  data.  The  end  of  the  CZ  is  essen- 
tially the  same  for  LORAD  and  RAYMODE 
for  FOM  < 90  dB.  For  FOM  > 95  dB,  the 
LORAD  CZ  ends  at  about  2 km  shorter 
range  than  does  FXYMODE's.  For  FOM  95 
dB,  the  start  of  the  CZ  is  hidden  by 
bottom  bounce  energy  for  RAYMODE.  In 
Case  IB,  neither  LORAD  nor  RAYMODE  give 
any  detection  coverage  in  the  second 
bottom  bounce  region  at  FOM  <^95  dB. 
LORAD  has  no  coverage  nt  FOM  - 100  dB  in 
the  second  bottom  bounce  region  while 
RAYMODE  shows  Intermittent  coverage  for 
the  coherent  phase  option  and  no  cover- 
age for  the  Incoherent  result.  For  FOMs 
of  105  and  110  dB,  RAYMODE  shows  less 
complete  coverage  than  LORAD  but  at  a 
higher  zonal  detection  coverage  percent- 
age. For  the  second  convergence  zone, 
RAYMODE 'a  CZ  onset  precedes  LORAD's  by 
1.5-2  km  for  FOM  < 95  dB.  For  FOM  - 100 
dB,  LORAD  precedes  RAYMODE 's  CZ  onset  by 

1 km  The  CZ  end  for  LORAD  and  RAYMODE 
coherent  agree  well;  RAYMODE  incoherent 
has  a CZ  end  which  precedes  theee  at 
most  FOMs.  Case  IC  shows  for  the  third 
CZ  start  that  RAYMODE  precedes  LORAD  by 
distances  varying  from  3 km  at  FOM  ■ 85 
dB  to  1 km  at  FOM  - 105  dB.  For  FOM  < 95 
dB,  the  RAYMODE  incoherent  CZ  ends  about 

2 km  shorter  than  does  the  LORAD  or  RAY- 
MODE coherent  CZs.  For  FOM  100  dB, 
model  and  experiment  agree  with  regard 


to  CZ  end.  The  fourth  convergence  zone 
(Case  ID)  starts  1.5  to  4 km  sooner  for 
LORAD  than  for  RAYMODE,  the  disparity 
increasing  with  inc”easing  figure  of 
merit.  The  CZ  ends  are  approximately 
equal  for  FOM  > 95  dB;  at  FOM  = 90  dB; 
however,  the  LORAD  CZ  extends  to  longer 
range  than  that  of  RAYMODE  (by  2 km  for 
coherent  result  and  6.5  km  for  the  inco- 
herent result).  In  the  fifth  convergence 
zone  (Case  IE)  the  start  for  RAYMODE 
precedes  that  of  LORAD  by  4 to  2 km  for 
FOMs  ranging  from  90  dB  to  100  dB,  re- 
spectively. At  FOM  ■ 105  dB,  the  CZ 
start  ranges  are  roughly  equal.  The  CZ 
end  for  LORAD  is  generally  1 km  beyond 
RAYMODE  coherent  regardless  of  FOM  and 
4.5  to  6.5  km  beyond  RAYMODE  incoherent 
for  FOM  ■ 95  and  90  dB,  respectively. 
For  FOM  100  dB,  RAYMODE  incoherent  and 
LORAD  have  CZ  ends  at  the  same  range. 
For  Case  IF,  the  CZ  start  ranges  for 
LORAD  and  RAYMODE  are  roughly  equal, 
regardless  of  FOM.  The  LORAD  CZ  ends  at 
greater  range  than  RAYMODE  by  increas- 
ingly greater  amounts  as  FOM  increases. 
The  incoherent  phase  result  is  a poorer 
predictor  of  LORAD's  CZ  end  than  the 
coherent  result  (predicting  shorter  end 
ranges  by  as  much  as  7 km).  For  the 
3eventh  convergence  zone  (Case  IG) , 
LORAD's  start  precedes  RAYMODE 's  by  1 to 
5 km,  the  worst  agreement  at  the  highest 
FOM  of  110  dB.  The  LORAD  CZ  end  is  ill- 
defined  in  this  case  so  no  comparison 
with  RAYMODE  results  is  made. 


(C)  For  Case  IIA,  detection  coverage  in 
the  first  bottom  bounce  region  is  better 
for  RAYMODE  than  for  LORAD  for  FOM  < 105 
dB,  the  discrepancy  being  greatest  at 
lowest  FOMs.  At  FOM  * 110  dB,  both  model 
and  experiment  give  essentially  continu- 
ous coverage  (but  at  a greater  ZDC  per- 
centage for  RAYMODE).  First  convergence 
zone  start  and  end  ranges  are  in  basic 
agreement,  although  the  agreement  in 
start  ranges  is  predicated  on  some  un- 
certain interpolation  of  LORAD  data.  For 
Case  IIB,  there  is  no  coverage  in  the 
second  bottom  bounce  region  for  RAYMODE 
until  FOM  « 115  dB  for  which  there  is 
limited  coverage;  LORAD  coverage  in  the 
second  bottom  bounce  region  starts  at 
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FOM  - 105  dB.  At  FOM  - 115  dB,  LORAD 
coverage  Is  far  more  extensive  than  RAY- 
MODE ’s  in  the  second  bottom  bounce  re- 
gion. The  second  CZ  start  for  LORAD  is 
at  somewhat  greater  range  than  RAYMODE's 
at  FOM  - 90  dB,  at  equal  range  at  FOM  - 
95  dB,  and  at  somewhat  shorter  range  for 
FOM  > 100  dB.  The  CZ  ends  for  LORAD  and 
RAYMODE  are  approximately  equal  for  FOM 
> 95  dB.  At  FOM  - 90  dB  the  LORAD  CZ  end 
is  at  2.5  km  greater  range  than  RAY- 
MODE's. For  the  third  convergence  zone 
(Case  IIC),  the  start  ranges  for  LORAD 
are  greater  than  are  RAYMODE's  for  FOM  ■ 
90  and  95  dB  and  shorter  for  FOM  >_  100 
dB.  The  end  ranges  for  LORAD  are  4-6  km 
greater  in  range  than  are  the  end  ranges 
for  RAYMODE  X.  For  Case  IID,  the  start 
of  the  fourth  convergence  zone  occurs  at 
shorter  range  for  LORAD  data  than  for 
RAYMODE  X predictions,  from  1 km  at  FOM 
* 95  dB  to  7 km  at  FOM  m 110  dB.  Since 
the  LORAD  data  does  not  include  the  end 
of  the  fourth  CZ,  no  comparison  with 
RAYMODE  predictions  can  be  made.  For  the 
fifth  convergence  zone  (Case  HE), 
LORAD '8  CZ  is  broader  than  RAYMODE's  CZ. 
LORAD 's  CZ  starts  2 to  10  km  before  RAY- 
MODE's as  FOM  increases  from  100  to  110 
dB.  LORAD 's  CZ  end  is  at  greater  range 
than  the  RAYMODE  X coherent  prediction 
by  3.5  to  1 km  and  at  greater  range  than 
the  RAYMODE  X incoherent  prediction  by 
9.5  to  2.5  km  as  FOM  goes  from  100  to 
110  dB.  For  the  sixth  CZ  (Case  IIF)  the 
CZ  start  for  LORAD  data  was  at  8 km 
shorter  range  than  for  RAYMODE.  LORAD 
and  RAYMODE  sixth  CZ  ends  were  the  same 
for  FOM  - 110  dB,  but  for  FOM  - 105  dB 
the  LORAD  CZ  ended  at  greater  range  than 

did  RAYMODE's  (2  km  for  the  coherent 
result  and  4 km  for  the  incoherent  re- 
sult). For  the  seventh  CZ  (Case  IIG)  the 
end  of  the  zone  for  the  LORAD  data  is 
ill-defined  and  therefore  comparison 
with  RAYMODE  X is  possible  for  only  CZ 
start.  LORAD's  CZ  start  precedes  RAY- 
MODE's by  5.5  km  at  FOM  * 105  dB  and  8.5 
km  for  FOM  - 110  dB. 

General  Conclusion?  (U) 

(C)  Cases  IA-IG  for  which  the  source  is 
in  the  surface  duct  and  the  receiver  at 


the  duct  limit  of  100  feet  (30.5  m) : 
(Al)  LORAD  shows  somewhat  better  detec- 
tion coverage  than  RAYMODE  X in  the 
bottom  bounce  regions.  Changing  the  MGS 
bottom  class  in  the  model  should  not 
provide  significant  improvement  since 
the  shapes  of  the  propagation  loss  ver- 
sus range  curves  for  LORAD  and  RAYMODE 
are  different  in  the  bottom  bounce  re- 
gions. (Bl)  The  LORAD  first  convergence 
zone  has  one  lobe  whereas  RAYMODE  X’s 
has  two.  (Cl)  The  LORAD  CZ  start  pre- 
cedes RAYMODE's  in  the  first,  third,  and 
fifth  CZs,  and  the  converse  is  true  for 
the  second,  fourth  and  seventh  C,!s.  (Dl) 
The  ends  of  the  LORAD  CZs  occur  at  equal 
or  greater  ranges  than  RAYMODE's.  (El) 
Fluctuations  in  the  convergence  zones 
are  greater  for  LORAD  data  than  for  RAY- 
MODE predictions.  (FI)  The  RAYMODE  X 
coherent  results  are  in  better  agreement 
with  LORAD  data  than  are  RAYMODE  X inco- 
herent results. 

(C)  Cases  1IA-IIG  for  which  the  aoiigce 
is  in  the  surface  duct  and  the  recmlv*? 
is  below  the  duct  at  1000  feet  (303  jq): 
(A2)  LORAD  data  and  RAYMODE  pradleUoto* 
differ  by  about  10  dB  in  bottom  bounce 
regions  with  LORAD  showing  less  propaga- 
tion loss . The  use  of  lower  bottom  loss 
as  model  input  would  lead  to  better 
agreement.  (B2)  The  start  and  end  ranges 
for  LORAD  and  RAYMODE  agree  for  the 
first  and  second  convergence  zones  (av- 
eraging over  all  figures  of  merit).  The 
first  CZ  is  double- J obed  for  both  model 
and  experimental  data.  (C2)  From  the 
third  CZ  on,  the  start  of  *’he  LORAD  CZ 
precedes  that  of  RAYMODE  and  the  model's 
CZ  start  is  steeper  than  that  indicated 
by  the  experimental  data.  Range  dispari- 
ties as  great  as  10  km  are  found  in  CZ 
start  range  between  LORAD  and  RAYMODE. 
(D2)  The  range  at  which  the  convergence 
zone  ends  for  LORAD  data  is  equal  to  or 
greater  than  that  for  RAYMODE  by  as  much 
as  6 km.  (E2)  Fluctuations  in  the  LORAD 
data  are  of  roughly  the  same  magnitude 
as  the  unsmoothed  RAYMODE  coherent  out- 
put. (F2)  The  RAYMODE  X coherent  predic- 
tion is  in  generally  better  agreement 
with  the  LORAD  data  than  the  RAYMODE  X 
incoherent  prediction. 
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(C)  Table  IIIE-1.  Bottom  Loss  (dB)  versus  Grazing  Angle  (degrees), 
MGS  Type  7.  Frequency  = 530  Hertz. 


6.66 

6.66 


16.66 
16.66 
16.66 

5 16.66 

6 16.66 
16.66 

8 16.66 
9 16.70 

10  16.78 

11  16.87 

12  16.97 

13  17.03 

14  17.11 


BL 

0 



BL 

e 

13.10 

o 

18.66 

60 

18.15 

Wm 

18.68 

61 

18.19 

47 

18.71 

62 

18.24 

48 

18.73 

63 

18.28 

49 

18.76 

64 

18.32 

50 

18.78 

65 

18.36 

51 

18.80 

66 

18.40 

52 

18.82 

67 

18.44 

53 

18.84 

68 

18.47 

54 

^8.86 

69 

18.51 

55 

18.87 

70 

18.54 

56 

18.89 

71 

18.57 

57 

18.90 

72 

18.60 

58 

18.92 

73 

18.63 

59 

18.93 

74 
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94 

95 

96 


18.97 

18.98 

18.99 
18.99 
19.00 

19.00 

19.01 
19.01 
19.01 

19.01 

19.02 
19.01 


9. 

01 

9. 

01 

9. 

01 

9. 

,01 

9. 

o 

o 

9. 

o 

o 

00 

to 

to 

00 

.98 

18.97 

18.97 

18.96 

18.95 

18.94 

18.92 

18.91 


CONFIDENTIAL 

RB 


CONFIDENTIAL 


(C)  Table  II1E- 2.  Means  (H)  and  Standard  Deviations  (o)  in  dB  of 
Differences  Obtained  by  Subtracting  RAYMODE  X Coherent1 
and  Incoherent  Results  from  LOR  AD  Experimental  Data. 


Case 

Run 

No. 

Frequency 

(Herts) 

Source 

Depth 

(m) 

Receiver 

Depth 

(m) 

Minimum 

Range 

(km) 

Maximum 

Range 

(km) 

Coherent 

Incoherent 

M 

a 

I* 

a 

IA 

38 

530 

15.2 

30.5 

1.8 

73.2 

0.2 

6.4 

0.1 

5.4 

IB 

68 

530 

15.2 

30.5 

41.7 

132.5 

5.8 

7.7 

4.5 

7.5 

IC 

88 

530 

15.2 

30.5 

168.3 

200.3 

1.3 

3.5 

2.9 

3.6 

ID 

106 

530 

15.2 

30.5 

233.5 

254.1 

0.5 

3.1 

0.2 

3.3 

IB 

128 

530 

15.2 

30.5 

209.4 

323.7 

0.2 

2.8 

0.3 

2.8 

IF 

148 

530 

15.2 

30.5 

357.0 

385.8 

0.2 

5.3 

0.3 

2.4 

IG 

168 

530 

15.2 

30.5 

414.6 

440.1 

2.1 

6.6 

2.6 

6.5 

IIA 

3D 

530 

15.2 

304.8 

2.8 

70.6 

-3.1 

6.1 

-2.2 

5.0 

IIB 

6D 

530 

15.2 

304.8 

41.7 

132.5 

-2.9 

8.8 

-1.9 

8.3 

IIC 

8D 

530 

15.2 

304.8 

173.1 

198.9 

-0.9 

4.1 

-0.7 

3.7 

IID 

10D 

530 

15.2 

304.8 

231.9 

249.4 

-1.2 

4.5 

-0.8 

4.2 

IIE 

12D 

530 

15.2 

304.8 

290.3 

322.7 

-1.2 

4.2 

-1.0 

4.1 

IIF 

14D 

530 

15.2 

304.8 

348.0 

383.2 

-2.1 

6.3 

-1.9 

6.1 

IIG 

16D 

530 

15.2 

304.8 

407.7 

440.1 

-7.5 

9.4 

-6.7 

10.0 

CONFIDENTIAL 


» **  ■ n . • 


E-8 


CONFIDENTIAL 


CONFIDENTIAL 


(C)  Table  IIIE-3.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  LORAD  RUN  3S  Data  (4-75  km)  and  RAYMODE  X Coherent  and 
Incoherent  Model  Results.  Case  IA:  (Source  Depth  = 15  m, 

Receiver  Depth  = 30  m,  Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 
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Data  Set 

POM 

“o1 

First  Bottom  Bounce  Region 

lat  CZ3 
Start 

lat  CZ3 
End 

LORAD  3S 

80 

ZDC2  101,  3-8  km 

61.5 

63.0 

RAYMODE  X 
Coherent 

80 

4.0 

59.0 

64.0 

RAYMODB X 
Incoherent 

80 

4.0 

60.0 

63.0 

LORAD  3S 

85 

ZDC  50%,  3-8  km 

60.5 

64.0 

RAYMODE  X 
Coherent 

86 

5.0 

59.0 

64.5 

RAYMODE  X 
Incoherent 

85 

5.5 

59.5 

64.0 

LORAD  3S 

90 

ZDC  901,  3-10  km;  ZDC  40%.  10-20  km 
ZDC  50%,  20-30  km;  ZDC  20%,  35-40  km 

60.0 

64.5 

RAYMODE  X 
Coherent 

90 

9.0 

100%  coverage  9-11.5  km 

58.0 

65.0 

RAYMODE  X 
Incoherent 

90 

10.0 

59.0 

65.0 

LORAD  3S 

95 

10.0 

ZDC  80%,  10-30  km;  ZDC  50%,  30-41  km 
ZDC  20%,  41-51  km 

60.0 

65.0 

RAYMODB  X 
Coherent 

95 

13.0 

ZDC  15%.  14-23  km;  100%  coverage  49- 
49.5  km;  51-5-87  km 

67.0 

RAYMODE  X 
Incoherent 

95 

15.0 

100%  coverage,  56.5-86  km 

66.0 

LORAD  SS 

100 

32.0 

ZDC  85%,  32-42  km;  ZDC  50%,  42-50  km 
ZDC  30%,  50-57  km 

59.5 

65.0 

RAYMODE  X 
Coherent 

100 

19.0 

100%  coverage  47.1-69.5  km,  70-71  km. 
ZDC  45%,  20-43  km 

69.5 

RAYMODE  X 
Incoherent 

100 

35.5 

100%  coverage , 47.5-68.0  km 

68.0 

LORAD  3S 

105 

46.0 

ZDC  50%,  51-58  km 
ZDC  90%.  46-51  km 

58.0 

65.5 

RAYMODE  X 
Coherent 

105 

19.5 

ZDC  90%,  20-43.5  km;  100%  coverage, 
44-86  km 

RAYMODE  X 
Incoherent 

105 

71.5 

1 

1.  Kc  = Range  to  which  coverage  ia  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  interval  over  which 
detection  ia  possible. 

3.  Convergence  Zone  is  double  lobed  to  93  dB  for  RAYMODE  X coherent,  85  dB  for 
RAYMODE  X Incoherent. 
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(C)  Table  IIIE-4.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  LORAD  Run  6S  (75-132  km)  and  RAYMODE  X Coherent  and 
Incoherent  Model  Results.  Case  IB:  (Source  Depth  - 15  m, 

Receiver  Depth  = 30  m,  Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  Z. 


Data  Set  i FOM 


LORAD  6S 


RAYMODE  X 
Coherent 


RAYMODE  X 80 
Incoherent 


LORAD  6S 


RAYMODE  X 85 
Coherent 


RAYMODE  X 
Incoherent 


LORAD  6S 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


LORAD  6S 


RAYMODE  X 
Coherent 


RAYMODE  X 95 
Incoherent 


LORAD  6S 


RAYMODE  X 100 
Coherent 


RAYMODE  X 100 
Incoherent 


LORAD  6S 


RAYMODE  X 105 
Coherent 


RAYMODE  X 105 
Incoherent 


LORAD 


RAYMODE  X 110 
Incoherent 


Second  Bottom  Bounce  Region 


hid  CZ 
Start 


2nd  CZ3 
End 


100%  coverage  75.5-85  km,  114-117  km 
119-119.5  km 


Coverage  118.5-119  km 


ZDC  25%,  75-110  km;  100%  coverage , 120^>I35  k 


100%  coverage , 72.5-86.5  km,  109-120  km 


100%  coverage  75-86  km  and  110-111.5  km 
and  112.5-131  km. 


ZDC  60%,  75-118  km:  100%  coverage , 120->135  km 


100%  coverage  0-89. 5 km.  ZDC  30%,  90-106.5  km; 
100%  coverage,  107.5-131  5 km 


100%  coverage  to  87  km,  92-96  km;  108-132  km 


119. 


131.5 


131.5 


132.0 


2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  over  which 
detection  ia  possible. 

3.  Convergence  Zone  is  multi-lobed  to  94  dB  for  RAYMODE  X coherent,  double-lobed  to  90  dB 
for  RAYMODE  X incoherent. 
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(C)  Table  HIE- 5.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Run  8S  Data  and  RAYMODE  X Model  Results. 
(ASCIC:  Source  Depth  = 15  m.  Receiver  Depth  = 30  m, 

Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


Data  Set 

LORAD  8S 

RAYMODE  X 
Coherent 


RAY MODE  X 
Incoherent 


LORAD  8S 


RAYMODE  X 
Coherent 


RAYMODE  X 


IIiTwIiTOw-jh 


LORAN  8S 


RAYMODE  X 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


LORAD  8S 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


LORAD  8S 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


3rd  CZ1  Start 

184.5 
~~™  181.5 


181.5 


180.5 


180.5 


181.0 


180.5 


189.0 


179.0 


180.0 


3rd  CZ  End 

185.5 

186.5 


183.0 


189.0 


187.5 


186.5 


191,0 


191.0 


189.0 


192.0 


193.0 


192.0 


193.5 


193.5 


193.5 


194.0 


194.0 


194.5 


1.  Convergence  Zone  is  multi-lobed  to  99  dB  for  RAYMODE  X coherent, 
double-lobed  to  97  dB  for  RAYMODE  X Incoherent. 
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(C)  Table  UIE-6.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Run  10S  Data  and  RAYMODE  X Model  Results. 
Case  ID:  (Source  Depth  = 15  m,  Receiver  Depth  = 30  m, 

Frequency  = 530  Hz.).  Bottom  Loss:  MGS  Type  7. 


Data  Set 

FOM 

LORAD  10S 

90 

RAYMODE  X 
Coherent 

90 

RAYMODB  X 
Incoherent 

90 

LORAD  10S 

95 

RAYMODE  X 
Coherent 

95 

RAYMODE  X 
Incoherent 

95 

LORAD  10S 

100 

RAYMODE  X 
Coherent 

100 

RAYMODE  X 
Incoherent 

100 

LORAD  10S 

105 

RAYMODE  X 
Coherent 

105 

RAYMODE  X 
Incoherent 

105 

4th  CZ  Start 


240.5 


242. 


242.0 


238.5 


241.5 


241.5 


238.0 


241.5 


241.5 


237.5 


241.5 


241.0 


1.  Convergence  Zone  is  multi-iobed  to  99  dB  for  RAYMODE  X coherent,  double- 
lobed  to  98  dB  for  RAYMODE  X Incoherent. 


4th  CZ  End 


251.5 


249.5 


245.0 


252.5 


252.0 


253.0 


253.5 


253.0 


253.0 


254.0 


255.0 
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(C)  Table  IIIE-7.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Run  12S  Data  and  RAYMODE  X Model  Results. 
Case  IE:  (Source  Depth  = 15  m,  Receiver  Depth  = 30  in, 

Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


Data  Set 


LORAD  12S 


RAYMODE  X 
Coherent 


RAYMODE  X 


LORAD  12S 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


LORAD  12S 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


LORAD  12S 


RAYMODE  X 


RAYMODE  X 
Incoherent 


5th  CZ  Start 


5th  CZX  End 


317.0 


316.0 


316.5 


1.  Convergence  Zone  is  multi-lobed  to  101  dB  for  RAYMODE  X coherent, 
double-lobed  to  103  dB  for  RAYMODE  X Incoherent. 
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(C)  Table  IIIE-8.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Run  14S  Data  and  RAYMODE  X Model  Results. 
Case  IF:  (Source  Depth  - 15  m,  Receiver  Depth  = 30  m, 

Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


Data  Set 

FOM 

6th  CZ1  Start 

6th  CZ1  End 

LORAD  14S 

95 

364.0 

373.0 

RAYMODE  X 
Coherent 

95 

363.5 

373.0 

RAYMODE  X 
Incoherent 

95 

364.0 

366.0 

LORAD  14S 

100 

363.5 

377.5 

RAYMODE  X 
Coherent 

100 

363.0 

376.0 

RAYMODE  X 
Incoherent 

100 

363.5 

374.0 

LORAD  14S 

105 

361.0 

382.5 

RAYMODE  X 
Coherent 

105 

363.0 

380.0 

RAYMODE  X 
Incoherent 

105 

363.0 

379.0 

LORAD  14S 

110 

360.5 

385.0 

RAYMODE  X 
Coherent 

no 

360.5 

381.0 

RAYMODE  X 
Incoherent 

110 

361.0 

380.5 

1.  Convergence  Zone  is  double-lobed  to  105  dB  for  RAYMODE  X coherent. 
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(C)  Table  IIIE-9.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Run  16S  Data  and  RAYMODE  X Model  Results. 
Case  IG:  (Source  Depth  = 15  m,  Receiver  Depth  = 30  m, 

Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


Data  Set 

FOM 

LORAD  16S 

100 

RAYMODE  X 
Coherent 

100 

RAYMODE  X 
Incoherent 

100 

LORAD  16S 

105 

RAYMODE  X 
Coherent 

105 

RAYMODE  X 
Incoherent 

105 

LORAD  16S 

110 

RAYMODE  X 
Coherent 

110 

PAYMODE  X 
Incoherent 

110 

7th  CZ  Start 


423.0 


424.0 


418.5 


423.5 


423.0 


7th  CZ  End 


CONFIDENTIAL. 


E-15 


CONFIDENTIAL 


v . ^ ■■  '• 


CUNFIDfcNl  IAL 


(C)  Table  IIIE- 10.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  LORAD  RUN  3D  Data  (4.5-69.5  km)  and  RAYMODE  X Coherent  and 
Incoherent  Model  Results.  Case  IIA:  (Source  Depth  = 15  m,  Receiver  Depth  = 305m, 

Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


Data  Set 
LORAD  3D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  3D 


RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  3D 


RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  3D 


RAYMODE  X 
Coherent 


LORAD  3D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  3D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 


FOM 

RC1 

85 

85~ ' 

4.5 

85 

4.5 

90 

90 

6.5 

90 

6.0 

95 

95 

6.5 

95 

11.0 

First  Bottom  Bounce  Region 

ZDC  10%,  8.0-31.5  km;  ZDC  60%,  2.5- 
8.0  km 


1st  CZ  1st  CZl 
Start  End 


90  ZDC  90%,  2. 5-8.0  km;  ZDC  60%,  8-15 

km;  ZDC  40%,  15-32  km,  ZDC  40%, 
32-40  km 

90  6.5  Coverage  at  8.0,  and  10.5  km 


ZDC  90%,  2.5-30.0  km;  ZDC  80%, 
30-40  km;  ZDC  20%,  40-50  km 

ZDC  50%,  7.5-11.5  km 
100%  coverage  16.5-17  km 


100  32.0  ZDC  90%,  32-41  km.  ZDC  50%,  41-50  km;  55.0 

ZDC  20%,  50-58.5  kr>; 

100  13.0  ZDC  25%,  15-40.5  km;  100%  coverage, 

41-67  km. 


RAYMODE  X 100  | 24.0 
Incoherent  I 


105  41.5  ZDC  95%,  41.5-50  km;  ZDC  50%,  50-58  km 

105  13.5  100%  coverage  44-44.5  km,  38-39.5  km;  55.0 

ZDC  60%,  14-43  km 

105  42.0  54.0 

110  52.0  ZDC  50%,  52-57  km 

110  13.5  ZDC  75%,  14-49.5  km;  100%  coverage, 

50-69.5  km 

110  70.0 


1 Rc  = Range  to  which  coverage  is  continuous. 

2 ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  interval  over  which 
detection  is  possible. 

3 Convergence  Zone  is  double-lobed  to  106  dB  for  RAYMODE  X coherent,  to  93  dB 
for  RAYMODE  X Incoherent. 
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(C)  Table  IIIE- 11.  . Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  LORAD  Run  6D  (71-134  km)  and  RAYMODE  X Coherent  and 
Incoherent  Model  Results.  Case  IIB:  (Source  Depth  = 15  m,  Receiver  Depth  = 305  m, 

Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


Data  Set 

FOM 

Second  Bottom  Bounce  Region 

2nd  CZ3 
Start 

IORAD  6D 

90 

120.5 

127.5 

90 

118.5 

125.0 

RAYMODE  X 
Incoherent 

90 

HU 

125.0 

LORAD  6D 

95 

118.0 

128.0 

RAYMODE  X 
Coherent 

95 

118.5 

128.0 

R A* MODE  X 
Incoherent 

95 

118.5 

127.0 

LORAD  6D 

100 

117.0 

129.0 

RAYMODE  X 
Coherent 

100 

118.0 

129.0 

RAYMODE  X 
Incoherent 

100 

118.0 

128.5 

LORAD  6D 

105 

ZDC2  10%,  71-97.5  km 

115.5 

131.0 

RAYMODE  X 
Coherent 

105 

mm 

132.0 

105 

118.0 

130.5 

LORAD  6D 

110 

ZDC  90%,  71-78  km;  ZDC  50%,  78-113  km 

115.0 

132.0 

RAYMODE  X 
Coherent 

110 

118.0 

133.0 

RAYM.DE  X 
Incoherent 

110 

■H 

133.0 

LORAD  6D 

115 

ZDC  90%,  71-106  km;  ZDC  70%,  106-115  km 

RAYMODE  X 
Coherent 

115 

ZDC  75%,  76.5-86.0  km;  ZDC  70%,  U8-116  km 

mm 

134.0 

RAYMODE  X 
Incoherent 

115 

100%  coverage  79-83  km,  84-87  km 

113.0 

134.0 

2.  ZDC  - Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  over 
which  detection  is  possible. 


3.  Convergence  Zone  is  multi-lobed  to  102  dB  for  RAYMODE  X coherent,  to  98  dB  for 
RAYMODE  X Incoherent. 
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(C)  Tatle  IIIE-12.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Run  8D  Data  and  RAYMODE  X Model  Results. 
Case  IIC:  (Source  Depth  = 15  m.  Receiver  Depth  = 305  m, 

Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


Data  Set 


LORAD  8D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  8D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  8D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  8D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  8D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 


3rd  CZA  Start 


182.5 

180.0 


180.5 

179.0 


179.0 


177.0 

179.0 


179.0 


175.0 

179.0 


179.0 


173.5 

178.5 


178.5 


3rd  CZ  End 


186.0 

180.0 


190.5 

188.5 


187.0 


195.5 

190.5 


190.0 


196.0 

193.0 


191.0 


199.0 

195.0 


195.0 


:¥  I 

vV  i 


? f li 
.N  I 


1.  Convergence  Zone  is  double-lobed  to  108  dB  for  RAYMODE  X coherent, 
to  103  dB  for  RAYMODE  X Incoherent. 
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(C)  Table  IIIE- 13.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Run  10D  Data  and  RAYMODE  X Model  Results. 
Case  IID:  (Source  Depth  = 15  m.  Receiver  Depth  = 305  m, 
Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


4th  CZA  End 


Data  Set 

FOM 

4th  CZ1  S 

LORAD  10D 

95 

240.0 

RAYMODE  X 
Coherent 

95 

240.0 

RAYMODE  X 
Incoherent 

95 

241.0 

LORAD  10D 

100 

238.0 

RAYMODE  X 
Coherent 

100 

240.0 

RAYMODE  X 
Incoherent 

100 

240.0 

LORAD  10D 

105 

234.0 

RAYMODE  X 
Coherent 

105 

239.5 

RAYMODE  X 
Incoherent 

105 

240.0 

LORAD  10D 

110 

232.0 

RAYMODE  X 
Coherent 

110 

239.0 

RAYMODE  X 
Incoherent 

110 

239.0 

247.5 

245.5 

253.5 

250.5 

254.0 

254.0 

254.0 

254.0 


1.  Convergence  Zone  is  multi-lobed  with  losses  from  106  to  120  dB  for  RAYMODE  X 
coherent,  to  105  dB  for  RAYMODE  X Incoherent. 


CONFIDENTIAL 


CONFIDENTIAL  ? 

■'.1 


■ i^w  nr  r ■ ip~~r  irvwiiW'  >»y 


-wi-'iw-i.  rr  s w * w*  n * 'd*#  i»  ■ V *%T 


CONFIDtN  I IAL 


(C)  Table  IIIE-14.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Run  12D  Data  and  RAYMODE  X Model  Results. 
Case  HE:  (Source  Depth  = 15  m.  Receiver  Depth  = 305  m, 

Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


Data  Set 

LORAD  12D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  12D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 

LORAD  12D 

RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 


FOM 

5th  CZ1  Start 

5th  CZ1 

100 

299.0 

316.5 

100 

301.0 

313.0 

100 

301.0 

307.0 

105 

293.0 

318.0 

105 

301.0 

317.0 

105 

301.0 

317.0 

110 

290.5 

319.5 

110 

300.5 

318.0 

110 

300.5 

317.5 

1.  Convergence  Zone  is  multi-lobed  with  losses  from  110  dB  to  123  dB  for 
RAYMODE  X coherent,  to  111  dB  for  RAYMODE  X Incoherent. 
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(C)  Table  IIIE- 15.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Aun  14D  Data  and  RAYMODE  X Model  Results. 
Case  IIF:  (Source  Depth  = 15  m.  Receiver  Depth  - 305  m, 
Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


1 Data  Set 

FOM 

LORA'  14D 

105 

RAYMODE  X 
Coherent 

105 

RAYMODE  X 
Incoherent 

105 

LORAD  14D 

110 

RAYMODE  X 
Coherent 

110 

RAYMODE  X 
Incoherent 

110 

6th  CZ  Start 


354.5 


362. 


362.0 


352.5 


361.0 


361.0 


6th  CZA  End 


380.0 


1.  Convergence  Zone  is  multi -lobed  with  losses  from  108  dB  to  135  dB  for 
RAYMODE  X coherent. 


CONFIDENTIAL 


E-21 


CONFIDENTIAL 

* ^ 


CONFIDENTIAL 


m 


(C)  Table  IIIE- 16.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit 
(FOM)  in  dB  for  LORAD  Run  16D  Data  and  RAvMODE  X Model  Results. 
Case  IIG:  (Source  Depth  = 15  m.  Receiver  Depth  = 305  m, 

Frequency  = 530  Hz).  Bottom  Loss:  MGS  Type  7. 


Data  Set 

FOM 

7th  CZ  Start 

7th  CZ  End 

LORAD  16D 

105 

417.5 

RAYMODE  X 
Coherent 

105 

423.0 

430.0 

RAYMODE  X 
Incoherent 

105 

423.0 

430.0 

LORAD  16D 

110 

413.5 

SA^tviobE  X 
Coherent 

ilo 

422.0 

RAYMODE  X 
Incoherent 

110 

422.0 
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(U)  Figure  IIIE-1.  LORAD  Sound  Speed  Profile 
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(C)  Figure  IIIE-2.  Bottom  Lobs  in  dB  Versus  Grazing  Angle  in  Degrees. 

MGS  Bottom  Type  7.  Frequency  = 530  Hertz. 
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(C)  Figure  IIIE- 3.  LORAD  Data  Run  3S , Frequency  = 0.53  Kilohertz,  Source 

Depth  = 15  Meters , Receiver  Depth  = 30  Meiers 


'290.0  297.5  305.0  312.5  320.0  327.5  335.0  342.5  350.0  357.5  365 
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(C)  Figure  HIE -17.  RAYMODE  Coherent,  Bottom  Loss  = MGS  7,  Run  3S, 

Frequency  = 0.53  Kilohertz,  Source  Depth  = 15  Meters, 
Receiver  Depth  = 30  Meters 
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(C)  Figure  IIIE-23.  RAYMODE  Coherent,  Bottom  Loss  = MGS  7,  Run  6S, 

Frequency  = 0.53  Kilohertz,  Source  Depth  =15  Meters, 
Receiver  Depth  = 30  Meters,  Sliding  Averages  of  5 
Points  (2.00  Kilometers) 
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(C)  Figure  IIIE-33.  RAYMODE  Coherent,  Bottom  Loss  = MGS  7,  Run  10S, 

Frequency  = 0.53  Kilohertz,  Source  Depth  = 15  Meters, 
Receiver  Depth  = 30  Meters , Sliding  Averages  of  5 
Points  (2.00  Kilometers) 
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(C)  Figure  HIE- 35.  RAYMODE  Incoherent,  Bottom  Loss  = MGS  7,  Run  10S, 

Frequency  = 0.53  Kilohertz,  Source  Depth  = 15 
Meters.  Receiver  Depth  = 30  Meters 
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(C)  Figure  IIIE-47.  RAYMODE  Coherent,  Bottom  Loss  = MGS  7,  Run  16S, 

Frequency  = 0.53  Kilohertz,  Source  Depth  = 15  Meters, 
Receiver  Depth  = 30  Meters 
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(C)  Figure  IIIE-68  RAYMODE  Coherent,  Bottom  Loss  = MGS  7,  Run  10D, 

Frequency  = 0.53  Kilohertz,  Source  Depth  = 15  Meters, 
Receiver  Depth  = 305  Meters,  Sliding  Averages  of  5 
Points  (2.00  Kilometers) 
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Appendix  IIIF.  Accuracy  Assessment  of  RAYMODE  X 
Compared  to  Joast  III  Experimental  Data  (U) 


Joast  III  (U) 

Environment  (U) 

(U)  The  JOAST  III  environments  used  for 
RAYMODE  X model  evaluation  test  cases 
are  stations  1,  2,  3,  and  5.  The  sound 
speed  versus  depth  profiles  for  these 
stations  are  plotted  and  tabulated  in 
Figures  IIIF-1  to  IIIF-4.  The  sound 
speed  profile  for  station  1 has  a 
slightly  negative  gradient  layer  over- 
lying  a sound  channel  with  axis  at  137 
m.  Bottom  depth  is  2816  m and  a positive 
depth  excess  of  approximately  700  m is 
observed.  The  sound  speed  profile  for 
station  2 has  a negative  gradient  layer 
to  18.3  m above  a sound  channel  with  an 
axis  depth  of  61  m.  The  critical  depth 
(i.e.,  depth  at  which  the  surface  sound 
speed  is  again  encountered)  is  1530  m 
and  the  bottom  depth  is  2725  m.  The  pos- 
itive depth  excess  is  therefore  1195  m. 
The  sound  speed  profile  for  station  3 is 
similar  to  that  for  station  2.  A slight- 
ly negative  gradient  surface  layer  to 
18.3  m overlies  a sound  channel  with 
axis  at  70  m.  The  critical  depth  is  at 
1998  m and  the  bottom  depth  is  3471  m, 
yielding  a positive  depth  excess  of  1473 
m.  The  sound  speed  profile  for  station  5 
is  unique  among  the  JOAST  stations  in 
that  a positive  gradient  surface  duct 
extends  to  44.2  m above  a slightly  nega- 
tive gradient  layer  to  a depth  of  149.6 
m at  which  point  a deep  sound  channel 
begins.  The  deep  sound  channel  axis  is 
at  442.3  m,  the  critical  depth  at 
approximately  1900  m and  the  bottom  at 
2743  ra,  giving  a positive  depth  excess 
of  843  m. 

(U)  The  bottom  loss  versus  grazing  angle 
curves  for  stations  1 and  2 are  given  in 
Figure  IIIF-5,  for  station  3 in  Figure 
IIIF-6,  and  for  station  5 in  Figure  III- 
F-7.  Bottom  loss  versus  grazing  angle 
for  stations  1 and  2 is  tabulated  in 


Table  IIIF-1,  for  station  3 in  Table 
IIIF-2  and  for  station  5 in  Table  IIIF- 
3.  The  curve  for  stations  1 and  2 is 
FN0C  Type  2 having  3.5  dB  loss  at  zero 
degrees,  4.8  dB  loss  at  15°,  and  9 dB 
loss  at  normal  incidence.  For  station  3 
the  bottom  is  FN0C  Type  3 which  is  char- 
acterized by  5.8  dB  bottom  loss  at  zero 
degrees,  7.6  dB  loss  at  15°  and  11.5  dB 
loss  at  90°  (a  maximum  loss  of  11.6  dB 
is  found  from  76  to  80°).  For  station  5, 
an  FN0C  Type  8 bottom  is  found.  At  zero 
degrees  the  loss  is  13.1  dB,  at  15°  the 
loss  is  26.7  dB,  and  at  normal  incidence 
the  loss  is  25  dB.  The  bottom  loss  ver- 
sus grazing  angle  curve  has  two  local 
maxima:  28.2  dB  at  24°  and  26.5  dB  at 
80°. 

(U)  The  use  of  FNOC  bottom  loss  versus 
grazing  angle  curves  rather  than  the 
internal  (MGS)  RAYMODE  X curves  has  an 
Insignificant  effect  on  zone  start  and 
end  ranges . 

Test  Cases  (U) 

(C)  Fourteen  test  cases  were  chosen  from 
the  Joint  Oceanographic  Acoustic  and 
System  Test  (JOAST)  III  results.  For  all 
cases  but  one  the  receivers  were  the 
uppermost  (60  ct),  middle  (260  ft),  and 
lowest  (535  ft;  hydrophones  of  a verti- 
cal array.  The  JOAST  III  experiment  cov- 
ered all  Mediterranean  Basins  (see 
Martin,  1982,  for  details).  In  all  cases 
the  source  was  an  AN/SQS-26  sonar  trans- 
mitting pulsed  signals  at  a frequency  of 
3700  Hz.  The  source  was  at  a depth  of  20 
feet.  Data  were  obtained  by  towing  the 
vertical  array  through  the  first  conver- 
gence zone  while  the  source  remained  in 
fixed  position.  Ranges  were  precisely 
determined  by  radio  link.  A list  of  the 
test  cases  is  shown  on  the  following 
page. 
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Case 

Station 

Run 

Receiver  Depth  (ft) 

Figure 

I 

1 

43 

60 

IIIF8a-f 

II 

1 

43 

260 

IIIF9a-f 

III 

1 

43 

535 

IIIFlOa-f 

IV 

2 

63 

60 

IIIFlla-f 

V 

2 

63 

260 

IIIF12a-f 

VI 

2 

63 

535 

IIIF13a-f 

VII 

3 

43 

60 

IIIF14a-f 

III 

3 

43 

260 

IIIF15a-f 

IX 

3 

43 

535 

IIIF16a-f 

X 

3 

103 

50 

IIIF17a-f 

XI 

3 

93 

535 

IIIF18a-f 

XII 

5 

43 

60 

IIIF19a-f 

XIII 

5 

43 

260 

IIIF20a-f 

XIV 

5 

43 

1000 

IIIF21a-f 

Accuracy  Assessment  Resulls  (U) 

(C)  The  accuracy  assessment  procedures 
were  followed  as  outlined  In  section  1.1 
and  described  In  detail  In  volume  1 of 
this  series  with  the  exception  that  In 
the  Difference  Technique  means  and 
standard  deviations  were  not  calculated. 
These  calculations  were  omitted  since  a 
slight  error  in  convergence  zone  range 
leads  to  a large  value  for  the  standard 
deviation  which  can  be  easily  misinter- 
preted as  an  error  in  convergence  zone 
shape . 

(U)  The  following  figures  were  produced 
for  each  case:  (a)  JOAST  experimental 
data,  (b)  RAYMODE  X output  using  the 
coherent  option,  (c)  the  coherent  result 
smoothed  by  application  of  a 2 km  window 
running  average,  (d)  the  smoothed  coher- 
ent result  subtracted  from  the  JOAST 
experimental  data,  (e)  RAYMODE  X output 
using  the  incoherent  phase  addition  op- 
tion, and  (f)  the  incoherent  result  sub- 
tracted from  JOAST  data.  The  figures 
corresponding  to  the  fourteen  cases  are 
listed  above. 

(U)  The  results  of  the  figure  of  merit 
versus  detection  range  analyses  are 
given  in  Tables  IIIF-4  through  IIIF-17. 


(C)  The  results  for  each  case  are  sum- 
marized below. 

(C)  Case  I (Station  1,  Run  43,  Source/ 
Receiver  Depth  **  20  ft/260  ft) 

The  start  ranges  for  the  JOAST  and  RAY- 
MODE convergence  zones  are  in  close 
agreement  for  FOM  _<  90  dB.  For  FOM  - 95 
dB  the  JOAST  CZ  start  is  at  longer  range 
than  RAYMODE's  by  1 dB  for  the  coherent 
option,  2 km  for  the  incoherent  result. 
This  is  due  to  the  presence  of  bottom 
bounce  energy  in  the  model  result.  At 
FOM  * 100  dB  the  RAYMODE  CZ  start  is 
short  by  3 km  due  to  bottom  bounce 
broadening.  The  JOAST  CZ  end  is  1 to  3 
km  beyond  that  of  RAYMODE.  Both  RAYMODE 
and  JOAST  have  peak  values  of  79  dB.  The 
shapes  of  JOAST  and  RAYMODE  are  identi- 
cal to  FOM  ■ 95  dB.  The  downward  slope 
at  the  top  of  the  CZ  is  continued  fur- 
ther in  RAYMODE  than  in  JOAST. 

(C)  Case  II  (Station  1,  Run  43,  Source/ 
Receiver  Depth  ■ 20  ft/260  ft) 

The  start  langes  for  JOAST  and  RAYMODE 
are  in  close  agreement  for  all  values  of 
FOM  and  a bottom  bounce  plateau  at  the 
same  level.  The  RAYMODE  CZ  is  broader 
than  that  of  JOAST  by  2-3  km.  The  peak 
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levels  for  both  JOAST  and  RAYMODE  are  at 
85  dB.  The  shapes  are  quite  similar  ex- 
cept for  the  extension  of  the  RAYMODE 
CZ. 

(C)  Case  III  (Station  1,  Run  43,  Source/ 
Receiver  Depth  - 20  ft/535  ft) 

The  CZ  starts  are  identical  for  FOM 
< 100  dB.  At  FOM  * 105  dB,  the  start  is 
altered  by  the  presence  of  bottom  bounce 
energy.  The  RAYMODE  CZ  is  approximately 
2 km  broader  than  that  of  JOAST.  The  CZ 
envelopes  have  basically  the  same  shape 
aside  from  the  extension  of  the  RAYMODE 
convergence  zone  compared  to  that  of 
JOAST.  Both  have  peak  levels  of  87  dB. 
The  smoothed  coherent  RAYMODE  result 
shows  four  lobes  Whereas  the  JOAST  data 
suggests  only  two  lobes. 

(C)  Case  IV  (Station  2,  Run  63,  Source/ 
Receiver  Depth  ■ 20  ft/60  ft) 

The  shapes  of  the  JOAST  and  RAYMODE  X 
convergence  zones  are  quite  similar  with 
both  start  and  end  ranges  in  basic 
agreement.  The  peak  value  in  the  JOAST 
data  is  74  dB  (a  spike  at  the  start  of 
the  CZ)  and  RAYMODE  (coherent)  has  a 
peak  value  of  77  dB.  Both  data  sets  show 
fluctuations — about  10  dB  for  JOAST  and 
15-25  dB  for  RAYMODE.  The  effect  of  bot- 
tom bounce  at  CZ  start  is  evident  at  a 
10  dB  lower  level  for  RAYMODE  (i.e., 
less  loss)  than  for  JOAST. 

(C)  Case  V (Station  2,  Run  63,  Source/ 
Receiver  Depth  * 20  ft/260  ft) 

The  convergence  zone  starts  are  in  basic 
although  variable  agreement,  generally 
within  1 km  at  all  values  of  figure  of 
merit.  Agreement  of  CZ  end  ranges  is 
within  0.5  km  at  most  figures  of  merit. 
The  shapes  of  the  envelopes  are  in  good 
agreement  and  both  model  and  experimen- 
tal data  show  fluctuations  of  about  5 
dB.  The  CZ  peaks  are  83  dB  for  RAYMODE  X 
and  85  dB  for  JOAST.  Both  JOAST  and  RAY- 
MODE have  a double  lobe  near  the  start 
of  the  convergence  zone. 


(C)  Case  VI  (Station  2,  Run  63,  Source/ 
Receiver  Depth  ■ 20  ft/535  ft) 

The  envelopes  of  the  JOAST  and  RAYMODE 
results  are  similar  for  the  incoherent 
option  but  the  RAYMODE  CZ  start  is  1-1.5 
km  earlier  than  JOAST' s.  Both  results 
show  a slight  double  lobe  near  the  start 
of  the  convergence  zone.  The  coherent 
RAYMODE  output  and  JOAST  show  similarity 
in  shape  but  RAYMODE  has  generally  3 dB 
less  loss  than  JOAST.  In  the  FOM  analy- 
sis, this  difference  translates  into  a 
longer  CZ  end  for  RAYMODE  (by  1 to  2.5 
km) . Peak  levels  are  83  dB  for  JOAST  and 
82  dB  for  RAYMODE  X. 

(U)  Case  VII  (Station  2,  Run  43,  Source/ 
Receiver  Depth  * 20  ft/  60  ft) 

The  convergence  zone  predicted  by  RAY- 
MODE (coherent)  is  identical  in  shape  to 
the  JOAST  and  both  show  fluctuations  of 
about  15  dB.  Bottom  bounce  energy  af- 
fects the  CZ  end  for  RAYMODE  at  FOM  = 90 
dB  in  marked  contrast  to  that  of  JOAST 
data.  JOAST  and  RAYMODE  both  have  peak 
level?  of  78  dB. 

(U)  Case  VIII  (Station  3,  Run  43, 
Source/Receiver  Depth  » 20  ft/260  ft) 

The  RAYMODE  X coherent  output  is  dis- 
placed to  lower  loss  by  3-4  dB  and  to 
longer  range  by  2 kilometers.  The  effect 
of  bottom  loss  broadens  the  RAYMODE 
convergence  zone  for  figures  of  merit 
greater  than  90  dB. 

(U)  Case  IX  (Station  3,  Run  43,  Source/ 
Receiver  Depth  * 20  ft/  535  ft) 

For  FOM  * 90  dB  the  JOAST  CZ  onset 
occurs  3 km  before  RAYMODE  coherent,  but 
1.5  km  before  RAYMODE  incoherent.  The 
zone  with  5 km  for  JOAST  is  1-1.5  km 
greater  than  RAYMODE's.  For  FOM  = 95  dB 
JOAST  zone  start  is  1-2  km  before  RAY- 
MODE's and  width  is  the  same  as  RAYMODE 
incoherent.  For  FOM  100  dB  the  CZ  is 
corrupted  by  bottom  bounce  energy  for 
RAYMODE. 
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(C)  C«n  X (Station  3,  Run  103,  Source/ 
Receiver  Depth  ■ 20  ft/60  ft) 

The  envelopes  of  the  JQAST  and  RAYMODE  X 
data  envelopes  are  in  basic  agreement. 
However,  the  end  of  the  RAYMODE  X coher- 
ent CZ  is  indistinct  due  to  bottom  loss 
energy.  The  peak  level  of  JQAST  data  is 
77  dB  and  of  RAYMODE  Is  78  dB.  The  CZ 
start  ranges  for  JQAST  and  RAYMODE  are 
in  close  agreement  as  are  the  CZ  ends 
until  at  FOM  ■ 90  dB  the  bottom  bounce 
energy  in  the  RAYMODE  prediction  makes 
it  difficult  to  define  the  convergence 
zone's  end. 

(C)  Case  XI  (Station  3,  Run  93,  Source/ 
Receiver  Depth  ■ 20  ft/535  ft) 

In  this  case,  there  is  a cluster  of 
eight  points  between  83  and  91  dB  that 
appear  anomalous  in  the  JOAST  data  at 
the  start  of  the  convergence  zone.  Even 
with  the  points  eliminated,  however,  it 
would  require  a 1 km  shift  to  shorter 
range  and  a 2 dB  shift  to  higher  loss  in 
the  RAYMODE  X prediction  to  bring  it  in 
line  with  the  JOAST  data.  Bottom  bounce 
energy  renders  the  range  of  the  RAYMODE 
zone  end  uncertain  for  FOM  > 90  dB.  The 
effect  of  the  aforementioned  cluster  of 
points  is  evident  in  the  short  CZ  start 
ranges  for  JOAST  compared  to  RAYMODE  at 
FOMs  of  85  and  90  dB. 

(C)  Case  XII  (Station  5,  Run  43,  Source/ 
Receiver  Depth  * 20  ft/60  ft) 

The  JOAST  convergence  zone  is  found  in 
the  same  range  Interval  as  the  RAYMODE  X 
prediction  but  the  latter  is  shifted  in 
acoustic  level  to  10  dB  less  propagation 
loss.  The  RAYMODE  prediction  is  in  line 
with  other  predictions  for  this  source/ 
receiver  combination  although  it  is  pos- 
sible that  the  CZ  is  riding  on  and  mod- 
ulating a surface  duct  effect.  The  cause 
of  the  disparity  is  uncertain  from  the 
analysis  undertaken  and  may  be  due  to 
erroneous  JOAST  data,  an  erroneous  sound 
speed  profile,  or  an  overly  optimistic 
prediction  due  to  the  surface  duct  mod- 
ule in  the  RAYMODE  X model. 


(C)  Case  XIII  (Station  5,  Run  43, 
Source/  Receiver  Depth  « 20  ft/260  ft) 

In  this  case,  as  in  the  last,  a shift  of 
the  RAYMODE  X coherent  prediction  to  10 
dB  greater  loss  would  bring  it  into 
almost  perfect  agreement  with  the  JOAST 
data.  As  before,  the  cause  of  this  dis- 
crepancy cannot  be  established  from  the 
analysis  undertaken. 

(C)  Case  XIV  (Station  5,  Run  43,  Source/ 
Receiver  Depth  - 20  ft/1000  ft) 

As  in  the  previous  two  cases  of  station 
5,  run  43,  a 10  dB  shift  to  greater  loss 
would  bring  RAYMODE  X into  substantial 
agreement  with  JOAST  experimental  re- 
sults. 

General  Conclusions  (U): 

(C)  RAYMODE  X predictions  and  JOAST  ex- 
perimental data  were  in  basically  good 
agreement  with  regard  to  convergence 
zone  shape,  peak  level,  start  range,  and 
zone  duration.  Exceptions  are  (1)  in 
cases  II  and  III  the  RAYMCDE  CZ  end  was 
broader  by  about  2-3  km  than  that  of 
JQAST  and  (2)  the  RAYMODE  and  JOAST  CZs 
were  displaced  in  level  by  10  dB  (JOAST 
exhibiting  greater  loss)  in  cases  XII- 
XIV.  The  use  of  FN0C  bottom  loss  may 
have  been  responsible  for  the  greater 
evidence  of  bottom  loss  contamination  of 
the  convergence  zone  (particularly  at 
Its  end)  for  the  RAYMODE  predictions  as 
compared  to  JQAST  data.  This  is  true  for 
station  3 where  relatively  less  loss 
were  predicted  from  the  FN0C  bottom  loss 
charts  (FNOC  Type  2 for  station  2 and 
FN0C  Type  3 for  station  3).  This  is  not 
true  for  stations  1 and  2 where  both  are 
characterized  by  FNOC  Type  2 and  MGS 
Type  2 bottom  losses  (Note:  The  FNOC  and 
MGS  bottom  loss  versus  grazing  angle 
curves  generally  differ,  but  for  a Type 
2 bottom  the  difference  is  less  than  1 
dB  over  the  full  angular  extent). 
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(C)  Table  IIIF-1.  Bottom  Loss  (dB)  Versus  Grazing  Angle  (degrees) 
for  JOAST  III  Stations  1 and  2.  FNOC  Type  2. 

Frequency  = 3.7  kHz. 


BL 

8 

BL 

e 

BL 

8 

BL 

8 

BL 

6 

BL 

e 

BL 

3.49 

"IT 

4.56 

“26 

6.03 

39 

7.40 

52 

8.37 

35 

8.85 

78 

8.96 

3.54 

14 

4.66 

27 

6.15 

40 

7.49 

53 

8.43 

66 

8.87 

79 

8.96 

3.60 

15 

4.77 

23 

6.26 

41 

7.58 

54 

8.48 

67 

8.89 

80 

8.96 

3.67 

16 

4.88 

29 

6.37 

42 

7.67 

55 

8.53 

68 

8.90 

81 

8.96 

3.74 

17 

5.00 

30 

6.48 

43 

7.75 

56 

8.57 

69 

8.91 

82 

8.96 

3.81 

18 

5.11 

31 

6.59 

44 

7.83 

57 

8.61 

70 

8.92 

83 

8.96 

3.89 

19 

5.22 

32 

6.70 

45 

7.91 

58 

8.65 

71 

8.93 

84 

8.96 

3.98 

20 

5.34 

33 

6.81 

46 

7.98 

59 

8.69 

72 

8.94 

85 

8.96 

4.07 

21 

5.45 

34 

6.91 

47 

8.06 

60 

8.72 

73 

8.95 

86 

8.97 

4.16 

22 

5.57 

35 

7.01 

48 

8.13 

61 

8.75 

74 

8.95 

87 

8.97 

4.25 

23 

5.69 

36 

7.11 

49 

8.19 

62 

8.78 

75 

8.95 

88 

8.98 

4.35 

24 

5.80 

37 

7.21 

50 

8.26 

63 

8.81 

76 

8.96 

89 

8.99 

4.45 

25 

5.92 

38 

7.31 

51 

8.32 

64 

8.83 

77 

8.96 

90 

9.00 
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(C)  Table  IIIF-2.  Bottom  Loss  <dB)  Versus  Grazing  Angle  (degrees) 
for  JOAST  III  Station  3.  FNOC  Type  3. 

Frequency  = 3.7  kHz. 
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e 

BL 

e 

BL 

e 

BL 

e 

BL 

e 

BL 

e 

BL 

0 

5.79 

13 

7.39 

8.83 

10.03 

52 

10.92 

a 

11.45 

78 

11.62 

i 

5.91 

14 

7.50 

27 

8.94 

40 

10.11 

53 

10.97 

D 

11.48 

79 

11.62 

|| 

6.04 

15 

7.62 

□ 

9.04 

41 

10.19 

54 

11.02 

67 

11.50 

80 

11.62 

6.16 

16 

7.74 

m 

9.14 

42 

10.27 

□ 

11.07 

68 

11.52 

81 

11.61 

H 

6.29 

17 

7.85 

30 

9.23 

43 

10.34 

m 

11.12 

69 

11.54 

82 

11.60 

5 

6.41 

18 

7.97 

31 

9.33 

44 

10.41 

57 

11.17 

70 

11.56 

83 

11.59 

B 

6.54 

19 

8.08 

9.42 

45 

10.49 

58 

11.21 

71 

11.57 

D 

11.58 

D 

6.66 

20 

8.19 

Q 

9.52 

B 

10.55 

59 

11.25 

72 

11.59 

11.57 

8 

6.78 

21 

8.30 

9.61 

47 

10.62 

60 

11.29 

73 

11.60 

D 

11.56 

9 

6.90 

22 

8.41 

H 

9.70 

48 

10.68 

61 

11.33 

74 

11.61 

87 

11.54 

10 

7.03 

23 

8.52 

¥ 

9.78 

B 

10.75 

m 

11.36 

75 

11.61 

□ 

11.52 

11 

7.15 

24 

8.63 

37 

9.87 

D 

10.81 

9 

11.39 

76 

11.62 

11.50 

12 

7.27 

25 

8.73 

9.95 

51 

10.86 

L!L 

11.42 

77 

11.62 

B 

11.48 

CONFIDENTIAL 


0 

X 

W 

£ 


v 

u 


I 

vl 

v' 

V 

Nl 

a 


F-7 


CONFIDENTIAL 


r. rs*  op  -#  ,*■  r.- 


/ / vvw  wv.v.v.y /wVAv;/./.A  /.vv.v.^v  v;/..\ 


CONFIDENTIAL 


(C)  Table  IIIF-3.  Bottom  Loss  (dB)  Versus  Grazing  Angle  (degrees) 
for  JOAST  III  Station  5.  FNOC  Type  8. 

Frequency  =3.7  kHz. 


BL 

3 

BL 

6 

BL 

e 

BL 

e 

BL 

e 

BL 

e 

BL 

13.07 

13 

25.83 

26 

28.12 

39 

26.52 

52 

25.10 

65 

25.39 

78 

26.42 

14.61 

14 

26.28 

27 

28.07 

40 

26.37 

53 

25.06 

66 

25.48 

79 

26.44 

16.05 

15 

26.67 

28 

28.00 

41 

26.22 

54 

25.03 

67 

25.56 

80 

26.45 

17.38 

16 

27.01 

29 

27.91 

42 

26.08 

55 

25.01 

68 

25.65 

81 

26.44 

18.61 

17 

27.30 

30 

27.80 

43 

25.94 

56 

25.00 

69 

25.74 

82 

26.40 

19.74 

18 

27.54 

31 

27.69 

44 

25.81 

57 

25.01 

70 

25.84 

83 

26.32 

20.78 

19 

27.73 

32 

27.56 

45 

25.69 

58 

25.02 

71 

25.93 

84 

26.26 

21.73 

20 

27.89 

33 

27.43 

46 

25.58 

59 

25.05 

72 

26.02 

85 

26.14 

22.60 

21 

28.00 

34 

27.28 

47 

25.47 

60 

25.08 

73 

26.10 

86 

25.49 

23.39 

22 

28.09 

35 

27.13 

48 

25.38 

61 

25.13 

74 

26.18 

87 

25.81 

24.11 

23 

28.14 

36 

28.98 

49 

25.29 

62 

25.18 

75 

26.26 

88 

25.59 

24.75 

24 

28.16 

37 

26.83 

50 

25.22 

63 

25.25 

76 

26.32 

89 

25.32 

25.32 

25 

28.15 

38 

26.68 

51 

25.15 

64 

25.32 

77 

26.38 

90 

25.01 
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(C)  Table  TIIF-4.  Convergence  Zone  (CZ)  Start  and  End  Range1  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JOAST  Experiments1 
Data  and  RAYMODE  X Predictions  with  Coherent12,  and 
Incoherent  Phase  Additions. 

Case  I. 

(Station  1,  Run  43,  Source  Depth  = 20  ft.,  Receiver  Depth  = 60  ft. , 

Frequency  = 3.7  kHz) 


B 

i 


FOM 

<dB) 

Data  Set 

CZ  Start 
Range  (km) 

CZ  End 
Range  (km) 

Remarks 

80 

JOAST 

SB 

40.5 

HI 

RAYMODE  Coherent 

SB 

42.5 

| 

RAYMODB  Incoherent 

41.5 

41.5 

85 

JOAST 

39.0 

42.0 

RAYMODE  Coherent 

38.5 

45.0 

RAYMODE  Incoherent 

38.5 

41.0 

■■ 

JOAST 

38.0 

43.5 

RAYMODE  Coherent 

37.5 

45.0 

RAYMODE  Incoherent 

38.5 

45.0 

n 

JOAST 

36.5 

44.0 

RAYMODE  Coherent 

34.5 

45.5 

CZ  includes  some  buttom  bounce  energy 

RAYMODE  incoherent 

35.5 

45.5 

Broadening  of  CZ  due  to  bottom  bounce 

100 

JOAST 

36.0 

44.5 

RAYMODE  Coherent 

33.0 

45.5 

Broadening  of  CZ  due  to  bottom  bounce 

RAYMODE  Incoherent 

1.  Detection  ranges  accurate  to  ±0.25  km. 

2.  Coherent  results  un-moot  bed 
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(C)  Table  IIIF-5.  Convergence  Zone  (CZ)  Start  and  End  Ranges1 2  as  a 
Function  of  Figure  of  Meri'i  (FOM)  for  JOAST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent  2,  and 
Incoherent  Phase  Additions. 

Case  II. 

(Station  I,  Run  43,  Source  Depth  = 20  ft.,  Receiver  Depth  = 260  ft., 

Frequency  = 3.7  kHz) 


FOM 

(dB) 

Data  Set 

CZ  Start 
Range  (ka) 

CZ  Bnd 
Rang*  (km) 

Remarks 

N 

JOASY 

39.0 

40.0 

RAYMODE  Coherent 

40.8 

40.5 

Single  spike 

RAYMODI  Incoherent 

90 

JOAST 

39.8 

41.0 

RAYMODE  Coherent 

38.8 

43.8 

RAYMODB  Inooharent 

38.8 

41.8 

08 

JOAST 

38.0 

43.8 

RAYMODE  Coherent 

39.0 

48.8 

RAYMODB  Incoherent 

38.0 

48 

100 

JOA8T 

38.8 

43.8 

RAYMODB  Coherent 

36.8 

46.0 

Slight  broadening  due  to  bottom  bounce  energy 

RAYMODB  Incoherent 

48.0 

108 

JOA8T 

35.5 

44.8 

CZ  start  broadened  by  bottom  bounce  energy 

RAYMODB  Coherent 

48.0 

RAYMODB  Incoherent 

46.5 

1.  Detection  rang**  accurate  to  ±0.25  km. 

2.  Coherent  result*  are  unamoothed. 
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CC)  Table  IIIF-6.  Convergence  Zo  (CZ)  Start  and  End  Ranges1  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JOAST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent^,  and 
Incoherent  Phase  Additions. 

Case  III. 

(Station  1,  Run  43,  Source  Depth  = 20  ft.,  Receiver  Depth  = 535  ft., 

Frequency  = 3.7  kHz) 


FOM 

<dB) 

Data  Set 

CZ  Start 
Range  (km) 

CZ  End 
Range  (km) 

Results 

90 

JOAST 

38.0 

42.0 



RAYMODE  Coherent 

38.0 

44.0 

RAYMODE  Incoherent 

38.0 

42.0 

95 

JOAST 

37.8 

43.8 

CZ  double -lobed  for  FOM  < 103  dB 

RAYMODE  Coherent 

37.5 

45.8 

CZ  multi-lobed  for  FOM  < 95 

HR 

RAYMODE  Incoherent 

37.5 

44.5 

too 

JOAST 

37.0 

43.5 

RAYMODE  Coherent 

37.8 

44.0 

RAYMODE  Incoherent 

46 

105 

JOAST 

38.0 

43.8 

CZ  start  broadened  by  bottom  bounce  energy 

RAYMODE  Coherent 

38.0 

48.0 

Slight  broadening  due  to  bottom  bounce  energy 

RAYMODE  Incoherent 

46.0 

110 

JOAST 



45.0 

RAYMODE  Coherent 

46.5 

Broadening  due  to  bottom  bounce  energy 

RAYMODE  Incoherent 

1.  Detection  range*  accurate  to  ±0.38  km. 

2.  Coherent  reault*  are  unamoothed. 
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(C)  Table  IIIF-7.  Convex’ gei.cf.  rent  (CZ)  Start  and  End  Ranges1  as  a 
Function  of  Figure  of  Merit  \FOM>  for  JO  AST  Experimental 
Data  and  RAYMOuK  X Predlctijns  with  Coherent2  and 
I ^coherent  Phare  Additions. 

Case  IV. 

(Station  2,  Run  63,  Source  Pepih  « 20  *t.,  Receiver  DtHth  = 60  ft., 

Frequency  - 3.7  kHz) 


Data  Set 

CZ  Start 
Range  (km) 

CZ  End 
Range  (km) 

JOAST 

35.0 

36.0 

RAYMODE  Coherent 

35.0 

37.0 

RAYMODB  Incoherent 

35.0 

36.0 

JOAST 

35.0 

38.5 

RAYMODB  Coherent 

34.0 

38.0 

RAYMODB  Incoherent 

34.0 

37.0 

JOAST 

35.0 

41.0 

RAYMODB  Coherent 

33.5 

43.5 

RAYMODB  Incoherent 

33.5 

42.0 

JOAST 

34.5 

43.5 

RAYMODB  Coherent 

33.5 

43.5 

RAYMODB  Incoherent 

32.5 

43.5 

JOAST 

32.5 

44 

RAYMODB  Coherent 

43.5 

RAYMODB  Incoherent 

43.5 

JOAST 

44.5 

RAYMODB  Coherent 

44.5 

RAYMODB  Incoherent 

44.5 

JOAST 

45.0 

RAYMODB  Coherent 

44.5 

RAYMODB  Incoherent 

Remark 


2 CZ  peaks  paat  38  km 


CZ  start  Includes  bottom  bounce  broadening 
CZ  start  includes  bottom  bounce  energy 


Broadening  due  to  bottom  bounce 


Broadening  due  to  bottom  bounce 


1.  Detection  ranges  accurate  to  ±0.25  km. 

2.  Coherent  results  are  unsmoothed. 
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(C)  Table  IIIF-8.  Convergence  Zone  (CZ)  Start  and  End  Ranges1  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JOAST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent2,  and 
Incoherent  Phase  Additions. 

Case  V. 

(Station  2,  Run  63,  Source  Depth  = 20  ft.,  Receiver  Depth  = 260  ft., 

Frequency  = 3.7  kHz) 


FOM 

(dB) 

Data  Set 

CZ  Start 
Range  (km) 

CZ  End 
Range  (km) 

l 

85 

JOAST 

1 ' ' 

35.0 

36.0 

| 

RAYMODE  Coherent 

34.0 

36.5 

RAYMODE  Incoherent 

34.0 

36.5 

90 

JOAST 

35.0 

1 

38.5 

RAYMODE  Coherent 

33.0 

43.0 

RAYMODE  Incoherent 

33.0 

37.5 

95 

JOAST 

34.5 

43.0 

RAYMODE  Coherent 

33.0 

43.0 

RAYMODE  Incoherent 

33.0 

43.0 

100 

JOAST 

32.0 

44.0 

RAYMODE  Coherent 

33.0 

43.5 

RAYMODE  Incoherent 

44.0 

105 

JOAST 

32.0 

44  0 

RAYMODE  Coherent 

33.0 

44.0 

RAYMODE  Incoherent 

44.0 

110 

JOAST 

45.5 

RAYMODE  Coherent 

32.5 

44.0 

RAYMODE  Incoherent 

44.0 

Remarks 


CZ  multi-lobed  for  FOM  < 89  dB 


CZ  multi-lobed  for  FOM  < 95  dB 


Slight  broadening  due  to  bottom  bounce 


Slight  broadening  due  to  botton.  bounce 


Slight  broadening  due  to  bottom  bounce 


1.  Detection  ranges  accurate  to  ±0.25  km. 

2.  Coherent  results  are  unsmoothed. 
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(C)  Table  IIIF-9.  Convergence  Zone  (CZ)  Start  and  End  Ranges1  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JOAST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent2,  and 
Incoherent  Phase  Additions. 

Case  VI. 

(Station  2,  Run  63,  Source  Depth  = 20  ft.,  Receiver  Depth  = 535  ft., 

Frequency  = 3.7  kHz) 


FOM 

(dB) 

Data  Set 

CZ  Start 
Range  (km) 

CZ  End 
Range  (km) 

Remarks 

85 

JOAST 

37.0 

37.0 

RAYMODE  Coherent 

34.0 

38.0 

RAYMODE  Incoherent 

36.5 

37.0 

90 

JOAST 

34.5 

39.0 

RAYMODE  Coherent 

33.5 

42.5 

RAYMODE  Incoherent 

33.0 

38.0 

95 

JOAST 

34.0 

42.0 

RAYMODE  Coherent 

31.0 

44.0 

RAYMODE  Incoherent 

32.5 

43.0 

CZ  multi-lobed  for  FOM  < 91  dB 

100 

JOAST 

32.0 

44.5 

RAYMODE  Coherent 

31.0 

44.0 

CZ  start  includes  bottom  bounce  < 90  dB 

RAYMODE  Incoherent 

44.0 

105 

JOAST 

32.0 

44.5 

RAYMODE  Coherent 

31.0 

44.5 

CZ  start  in  ludes  bottom  bounce  effect 

RAYMODE  Incoherent 

44.5 

110 

JOAST 

44.5 

RAYMODE  Coherent 

33.5 

44.5 

Slight  broadening  due  to  bottom  bounce 

RAYMODE  Incoherent 

50.0 

1.  Detection  ranges  accurate  to  ±0.25  km. 

2.  Coherent  results  are  unsmoothed. 
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(C)  Table  IIIF-10.  Convergence  Zone  (CZ)  Start  and  End  Ranges1  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JO  AST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent2,  and 
Incoherent  Phase  Additions. 

Case  VII. 

(Station  3,  Run  -'3,  Source  Depth  = 20  ft..  Receiver  Depth  = 60  ft., 

Frequency  = 3.7  kHz) 


FOM 

(dB) 

Data  Set 

CZ  Start 
Range  (km) 

CZ  End 
Range  (km) 

Remarks 

IS 

JOAST 

40.0 

42.0 

RAYMODE  Coherent 

40.5 

42.0 

RAYMODE  Incoherent 

40.5 

42.0 

mm 

JOAST 

39.5 

42.5 

RAYMODE  Coherent 

39.0 

43.0 

RAYMODE  Incoherent 

39.0 

42.0 

90 

JOAST 

39.0 

44.0 

RAYMODE  Coherent 

38.5 

46.5 

CZ  includes  broadening  due  to  bottom  bounce  energy 

RAYMODE  Incoherent 

39.0 

44.0 

C7.  is  multi-lobed  for  FOM  < 86  dB 

CZ  includes  broadening  due  to  bottom  bounce  energy 

mm 

JOAST 

39.0 

44.5 

RAYMODE  Cohe  ent 

38.0 

CZ  is  multi-lobed  for  FOM  < 95  dB 

CZ  is  highly  broadened  due  to  bottom  bounce  energy 

RAYMODE  Incoherent 

34.5 

CZ  is  highly  broadeded  due  to  bottom  bounce 

100 

JOAST 

39.0 

44.5 

RAYMODE  Coherent 

CZ  is  highly  broadened  due  to  bottom  bounce  energy 

RA7MODE  Incoherent 

1.  Detection  range  accurate  to  ±0.25  km. 

2.  Coherent  results  are  unsmoothed. 
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(C)  Table  IIIF-11.  Convergence  Zone  (CZ)  Start  and  End  Ranges1  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JO  AST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent  2,  and 
Incoherent  Phase  Additions. 

Case  VIII. 

(Station  3,  Run  43,  Source  Depth  = 20  ft.,  Receiver  Depth  = 260  ft., 

Frequency  = 3.7  kHz) 


Data  Set 


RAYMODE  Coherent 


RAYMODE  Incoherent 


RAYMODE  Coherent 


RAYMODE  Incoherent 


RAYMODE  Coherent 


RAYMODE  Incoherent 


RAYMODE  Coherent 


RAYMODE  Incoherent 


RAYMODE  Coherent 


RAYMODE  Incoherent 


CZ  Start 
Range  (km) 


C Z Enc. 
Range  (km) 


Remarks 


CZ  is  broadened  due  to  bottom  bounce  energy 


Broadening  due  to  bottom  bounce  energy 


CZ  highly  broadened  due  to  bottom  bounce 


CZ  highly  broadened  due  to  bottom  bounce 


CZ  highly  broadened  due  to  bottom  bounce 


1.  Detection  ranges  accurate  to  ±0,25  km. 

2.  Coherent  results  are  unsmoothed. 
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(C)  Table  IIIF-12.  Convergence  Zone  (CZ)  Start  and  End  Rang^  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JOAST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent*  , anc 
Incoherent  Phase  Additions. 

Case  IX. 

(Station  3,  Run  43,  Source  Depth  = 20  ft.,  Receiver  Depth  = 53?;  ft., 

Frequency  = 3.7  kHz) 


FOM 

(dB) 

Data  Set 

CZ  Start 
Range  (km) 

CZ  End 
Range  (km) 

Remarks 

85 

JOAST 

38.0 

mm 

A single  point 

RAYMODE  Coherent 

41.0 

42.5 

RAYMODE  Incoherent 

41.5 

41.5 

A single  point 

90 

JOAST 

37.0 

42.0 

mm 

RAYMODE  Coherent 

40.0 

43.5 

RAYMODE  Incoherent 

38.5 

42.5 

95 

JOAST 

37.0 

43.0 

mm 

RAYMODE  Coherent 

39.0 

46.0 

CZ  end  braodened  by  bottom  bounce  energy 

■s 

RAYMODE  Incoherent 

38.0 

44.0 

100 

JOAST 

37.0 

45.0 

RAYMODE  Coherent 

■HI 

RAYMODE  Incoherent 

105 

JOAST 

37.0 

48.5 

CZ  end  may  be  broadened  by  noise  or 
bottom  bounce  energy 

Ml 

RAYMODE  Coherent 

S 

RAYMODE  Incoherent 

1.  Detection  ranges  accurate  to  + 0.25  km 

2.  Coherent  results  are  unsmoothed 
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(C)  Tajle  IIIF-13.  Convergence  Zone  (CZ)  Start  and  End  Ranges  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JOAST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent2,  and 
Incoherent  Phase  Additions. 

Case  X. 

(Station  3,  Run  103,  Source  Depth  = 20  ft.,  Receiver  Depth  = 60  ft., 

Frequency  = 3.7  kHz) 


Data  Set 


RAYMODE  Coherent 


RAYMODE  Incoherent 


JOAST 


RAYMODE  Coherent 


RAYMODE  Incoherent 


RAYMODE  Coherent 


RAYMODE  Incoherent 


RAYMODE  Coherent 


RAYMODE  Incoherent 


JOAST 


RAYMODE  Coherent 


RAYMODE  Incoherent 


RAYMODE  Coherent 


RAYMODE  Incoherent 


RAYMODE  Coherent 


RAYMODE  Incoherent 


CZ  Start 
Range  (km) 


CZ  End 
Range  (km) 


CZ  contains  some  bottom  bounce  energy 


CZ  broadened  due  to  bottom  bounce  energy 


CZ  broadened  due  to  bottom  bounce  energy 


CZ  broadened  due  to  bottom  bounce  energy 


CZ  start  broadened  due  to  bottom  bounce 


CZ  broadened  due  to  bottom  bounce  energy 


CZ  broadened  due  to  bottom  bounce  energy 


1.  Detection  ranges  accurate  to  ±0.25  km. 

2.  Coherent  results  are  unsmoothed. 
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(C)  Table  IIIF-15.  Convergence  Zone  (CZ)  Start  and  End  Ranges^  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JOAST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent*,  and 
Incoherent  Phase  Additions. 

Case  XII. 

(Station  5,  Run  43,  Source  Depth  = 20  ft. , Receiver  Depth  = 60  ft. , 

Frequency  = 3.7  kHz) 


FOM 

<dB) 

Data  Set 

CZ  Start 
Raige  (km) 

CZ  End 
Range  (km) 

Remarks 

•0 

JOAST 

RAYMODB  Coherent 

42.5 

45.0 

RAYMODE  Incoherent 

05 

JOAST 

RAYMODE  Coherent 

41.5 

45.5 

RAYMODB  Incoherent 

42.0 

45.5 

90 

JOAST 

41.5 

43. 0 

RAYMODB  Coherent 

41.5 

44.5 

RAYMODE  Incoherent 

41.5 

46.0 

95 

JOAST 

41.5 

44.5 

RAYMODB  Coherent 

41.5 

47.0 

Slight  broadening  due  to  bottom  bounce  energy 

RAYMODB  Incoherent 

100 

JOAST 

41.0 

45.5 

RAYMODB  Coherent 

41.0 

RAYMODB  Incoherent 

1.  Detection  range  accurate  to  ±0.25  km. 

2.  Coherent  results  are  unsmoothed. 
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(C)  Table  IIIF-16.  Converge-v-’ v 2one  (CZ)  Start  and  End  Ranges1  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JOAST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent2,  and 
Incoherent  Phase  Additions. 

Case  XIII. 

(Station  5,  Run  43,  Source  Depth  = 20  ft..  Receiver  Depth  = 260  ft., 

Frequency  = 3.7  kHz) 


FOM 

(dB) 

Data  Set 

CZ  Start 
Range  (km) 

CZ  End 
Range  (km) 

Remarks 

m 

JOAST 

RAYMODE  Coherent 

41.0 

41.0 

Single  spike 

RAYMODE  Incoherent 

tm 

JOAST 

RAYMODE  Coherent 

41.0 

46.0 

RAYMODE  Incoherent 

41.0 

45.0 

m 

JOAST 

41.0 

42.0 

RAYMODE  Coherent 

41 

46.5 

RAYMODE  Incoherent 

41.0 

46.0 

IB 

JOA8T 

40.0 

43.5 

RAYMODB  Coherent 

40.5 

47.0 

RAYMODE  Incoherent 

41.0 

48.0 

100 

JOA8T 

40.0 

48.0 

RAYMODE  Coherent 

39.5 

48.0 

RAYMODE  Incoherent 

40.0 

50.0 

CZ  end  broadened  due  to  bottom  bounce 

105 

JOAST 

39.5 

48.0 

RAYMODB  Coherent 

39.0 

49.0 

Broadening  due  to  bottom  bounce  effects 

RAYMODE  Incoherent 

35.5 

1.  Detection  ranges  accurate  to  ±0.25  km. 

2.  Coherent  results  are  unsmoothed. 
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(C)  Table  IIIF-17.  Convergence  Zone  (CZ)  Start  and  End  Ranges1  as  a 
Function  of  Figure  of  Merit  (FOM)  for  JOAST  Experimental 
Data  and  RAYMODE  X Predictions  with  Coherent  2,  and 
Incoherent  Phase  Additions. 

Case  XIV. 

(Station  5,  Run  43,  Source  Depth  = 20  ft.,  Receiver  Depth  = 1000  ft., 

Frequency  = 3.7  kHz) 


FOM 

(dB) 

Data  Set 

CZ  Start 
Raige  (km) 

CZ  End 
Range  (kra) 

Remarks 

m 

JOAST 

RAYMODB  Coherent 

39.0 

39.5 

RAYMODE  Incoherent 

39. 5 

39.5 

am 

JOAST 

RAYMODE  Coherent 

39.5 

47.0 

RAYMODB  Incoherent 

39.0 

40.5 

95 

JOAST 

RAYMODE  Coherent 

38.5 

47.5 

MB 

RAYMODE  Incoherent 

39.0 

47.5 

DOM 

JOA8T 

42.5 

RAYMODB  Coherent 

30.0 

48.5 

RAYMODB  Incoherent 

39.0 

48.0 

lot 

JOA8T 

45.5 

RAYMODE  Coherent 

38.5 

50.0 

RAYMODB  Incoherent 

38.0 

110 

JOAST 

47.0 

RAYMODE  Coherent 

31.0 

50.0 

CZ  start  is  broadened  due  to  bottom  bounce  energy 

RAYMODE  Incoherent 

35.0 

X.  Detection  ranges  accurate  to  ±0.25  km. 
2.  Coherent  results  are  unsmoothed. 


CONFIDENTIAL 


F-22 


CONFIDENTIAL 


CONFIDENTIAL 


<W)  HidJU 


t:*S*82£288l2|;|e5*P5l!S2i? 

issssiiiiiiiiiiiiiiiii 

x — irftir-iMMKioiooasmfn 

se»3RlSf;sggseiS(8Si8^§ 


(W>  Hid30 

F-23 

CONFIDENTIAL 

>W*V**! 


VTr>»- 


(U)  Figure  IIIF-1.  JOAST  Station  1 Sound  Speed  Profile 
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BOTTOM  LOSS 
ANGLE  (DEG) 
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(C)  Figure  IIIF-5.  Bottom  Loss  Versus  Grazing  Angle  for  JOAST  Stations 

l and  2,  FNOC  Type  2,  Frequency  = 3.7  Kilohertz 
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(C)  Figure  IIIF-6.  Bottom  Loss  Versus  Grazing  Angle  for  JOAST  Station 

3,  FNOC  Type  3,  Frequency  = 3700  Hertz 
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(C)  Figure  IIIF-7.  Bottom  Loss  Versus  Grazing  Angle  for  JOAST  Station 

5,  FNOC  Type  8,  Frequency  = 3700  Hertz 
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(C)  Figure  IIIF-12c.  RAYMODE  Coherent  Station  2 Run  63,  Source  Depth 

= 20  Feet,  Receiver  Depth  = 260  Feet,  Sliding  Averages 
of  5 Points  (0.39  Kilometer) 
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(C)  Figure  IIIF-13e.  RAYMODE  Incoherent  Station  2 Run  63,  Source  Depth 

= 20  Feet,  Receiver  Depth  = 535  Feet 
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(C)  Figure  IIIF-15f.  RAYMODE  Incoherent  Station  3 Run  43,  Source  Depth 

= 20  Feet,  Receiver  Depth  = 260  Feet,  Subtracted  from 
Station  3 Run  43,  Source  Depth  = 20  Feet,  Receiver 
Depth  = 260  Feet 
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(C)  Figure  IIIF-18a.  Station  3 Run  93,  Source  Depth  = 20  Feet,  Receiver 

Depth  = 535  Feet 
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(C)  Figure  IIIF-18d.  Smoothed  RAYMODE  Coherent  Station  3 Run  93,  Source 

Depth  = 20  Feet , Receiver  Depth  = 535  Feet , Subtracted 
from  Station  3 Run  93,  Source  Depth  = 20  Feet,  Receiver 
Depth  = 535  Feet 
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(C)  Figure  IIIF-19c.  RAYMODE  Coherent  Station  5 Run  43,  Source  Depth 

= 20  Feet,  Receiver  Depth  = 60  Feet,  Sliding  Averages 
of  5 Points  (0.39  Kilometer) 
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(C)  Figure  IIIF-19e.  RAYMODE  Incoherent  Station  5 Run  43,  Source  Depth 

= 20  Feet , Receiver  Depth  = 60  Feet 
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(C)  Figure  IIIF-20c.  Smoothed  RAYMODE  Coherent  Station  5 Run  43,  Source 

Depth  =20  Feet,  Receiver  Depth  = 260  Feet,  Subtracted 
from  Station  5 Run  43,  Source  Depth  = 20  Feet,  Receiver 
Depth  = 260  Feet 


(C)  Figure  IIIF-20e.  RAYMODE  Incoherent  Station  5 Run  43,  Source  Depth 

= 20  Feet , Receiver  Depth  = 260  Feet 
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(C)  Figure  IIIF-21e.  RAYMODE  Incoherent  Station  5 Run  43,  Source  Depth 

= 20  Feet , Receiver  Depth  = 1000  Feet 
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Appeirix  IIIG.  Accuracy  Assessment  of  RAYMODE  X 
Compared  to  Fasor  Experimental  Data  (U) 


FASOR  (U) 

Environment  (U) 

(C)  FASOR  environments  deemed  appropri- 
ate for  the  evaluation  of  range  inde- 
pendent propagation  loss  models  were 
from  stations  designated  as  FIG,  OAK, 
THORN,  and  REDWOOD  (Martin,  1982).  The 
sound  speed  versus  depth  profiles  and 
their  tabulations  are  given  for  these 
stations  in  Figures  IIIG1-IIIG4,  respec- 
tively. The  station  FIG  sound  speed 
profile  consists  of  three  negative  gra- 
dients, representative  of  an  arctic  en- 
vironment. The  first  gradient  extends  to 
75  m,  the  second  gradient  is  a strong 
thermocllne  to  150  m,  and  the  third  gra- 
dient is  the  pressure-induced  gradient 
which  extends  to  the  bottom  at  7648  m. 
The  station  OAK  sound  speed  profile  con- 
sists of  a surface  duct  to  30  m overly- 
ing a sound  channel  with  substantial 
negative  depth  excess  which  Intersects 
the  bottom  at  120  m.  The  station  THORN 
sound  speed  profile  consists  of  a nega- 
tive gradient  (i.e.,  a surface  duct)  to 
55  m over  a strong  positive  gradient 
intersecting  the  bottom  at  104  m.  The 
sound  speed  structure  at  station  REDWOOD 
is  a broad  sound  channel  with  axis  at 
1200  m.  The  channel  is  bottom  limited 
and  Intersects  the  bottom  at  3282  m.  The 
negative  depth  excess  is  approximately 
1600  m. 

(C)  The  bottom  loss  versus  grazing  angle 
curves  selected  are  not  those  normally 
associated  with  the  RAYMODE  X model,  but 
rather  the  same  curves  used  in  Appendix 
IIG  of  Volume  II  of  this  series  (i.e., 
the  FN0C  curves  found  in  the  FACT  PL9D 
propagation  loss  model).  Since  bottom 
interaction  effects  are  significant  in 
this  environment,  use  of  RAYMODE  X's 
internal  MGS  bottom  loss  classes  and 
curves  might  lead  to  better  agreement 
with  data.  The  use  of  the  same  bottom 


loss  curves  in  FACT  PL9D  and  RAYMODE  X 
does  permit  direct  comparison  of  these 
models  for  the  FASOR  environments.  The 
bottom  loss  versus  grazing  angle  curve 
for  station  FIG  is  plotted  in  Figure 
IIIG-5  and  listed  in  Table  IIIG-1.  The 
loss  at  0°  is  8 dB;  at  18°  the  loss  has 
risen  to  15  dB.  From  19°  to  90®,  the 
bottom  loss  is  between  15  and  16  dB.  For 
stations  OAK  and  THORN  the  bottom  loss 
is  plotted  in  Figure  IIIG-6  and  listed 
in  Table  IIIG-2.  The  loss  rises  from  a 
value  of  3.5  dB  at  0°  to  a normal  inci- 
dence value  of  9 dB;  at  15°  the  bottom 
loss  is  4.5  dB.  The  bottom  loss  versus 
grazing  angle  for  station  REDWOOD  is 
plotted  in  Figure  IIIG-7  and  listed  in 
Table  IIIG-3.  The  loss  at  0°  is  13  dB; 
at  10°  the  loss  is  24  dB.  The  bottom 
loss  versus  grazing  angle  curve  has  two 
maxima:  28.2  dB  at  25®  and  26.5  dB  at 
80®. 

Test  Cases  (U) 

(U)  Six  test  cases  from  the  FASOR  exper- 
iments were  selected  for  model  evalua- 
tion and  are  shown  on  the  following  page. 

(C)  Cases  Ila  and  lib  pertain  to  a 
single  environment  and  Cases  Ilia  and 
Illb  pertain  to  a different  but  single 
environment.  Between  Cases  Ila  and  lib 
there  is  a data  gap  betweeu  24.5  and  26 
km.  Cases  Ilia  and  Illb  have  a data 

overlap  between  19.5  and  25.5  km.  As 

mentioned  above.  Case  II  (i.e.,  station 
OAK)  has  a surface  duct;  the  acoustic 

source  is  in  the  duct  and  the  receiver 
is  below  the  duct.  This  case  will  there- 
fore be  dominated  by  contributions  from 
bottom  interacting  paths.  Case  III 
(*  station  THORN)  also  has  a surface 
due...  in  this  case  both  source  and  re- 
ceiver are  in  the  duct  and  trapped 

energy  should  dominate  acoustic  trans- 
mission. Station  FIG  (Case  I)  is  char- 
acterized by  negative  gradients  and 
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RECEIVER 


MINIMUM 


MAXIMUM 


CASE 

STATION 

NUMBER 

<m) 

SOURCE 

DEPTH 

DEPTH 

(m) 

FREQUENCY 

(kHz) 

RANGE 

(km) 

RANGE 

(km) 

I 

FIG 

3 

6.1 

37 

1.5 

6.0 

54.0 

Ila 

OAK 

1 

23.0 

37 

1.5 

26.0 

44.0 

lib 

OAK 

2 

23.0 

37 

1.5 

12.0 

24.5 

Ilia 

THORN 

1 

23.0 

37 

1.5 

19.5 

33.5 

mb 

THORN 

2 

23.0 

37 

1.5 

12.0 

25.5 

IV 

REDWOOD 

3 

6.1 

37 

1.5 

1.0 

36.0 

hence  almost  all  energy  will  be  trans- 
mitted from  the  shallow  source  to  the 
shallow  receiver  (both  in  the  uppermost 
gradient)  by  surface-reflected  paths 
with  negligible  bottom-reflected  energy. 
The  station  REDWOOD  sound  speed  profile 
would  indicate  significant  bottom  inter- 
action; however,  however,  a high  loss 
(FNOC  Type  8)  bottom  diminishes  this 
contribution. 

Accuracy  Asseumant  Results  (U) 

(U)  The  accuracy  assessment  procedures 
were  followed  as  outlined  in  section  1.1 
of  this  volume  and  described  in  detail 
in  section  5 of  Volume  I of  this  series. 
The  following  figures  are  given  for  each 
case:  (1)  The  FASOR  experimental  data 
for  the  8 lx  cases  in  Figures  IIIG-8-13. 
(2)  The  FASOR  data  smoothed  by  applica- 
tion of  a running  average  with  a 2 km 
window  and  overlap  of  25%,  resulting  in 
a point  every  0.5  km.  The  smoothed  data 
are  plotted  in  Figures  IIIG-14-19.  (3a) 
RAYMODE  X coherent  output;  (3b)  RAYMODE 
X coherent  output  subtracted  from  the 
smoothed  FASOR  data;  (3c)  RAYMODE  X in- 
coherent output;  (3d)  RAYMODE  X incoher- 
ent output  subtracted  from  smoothed 
FASOR  data.  These  plots  (i.e.,  (3a)- 
(3d))  are  given  for  each  case  in  Figures 
IIIG-20-43. 

(C)  The  means  and  standard  deviations  of 
differences  between  the  smoothed  FASOR 
data  and  the  RAYMODE  X results  are  given 
in  Table  IIIG-4.  For  Case  I,  the  agree- 
ment between  the  smoothed  FASOR  data  and 


RAYMODE  X is  remarkable  beyond  35  km  for 
the  incoherent  phase  option.  Overall, 
the  FASOR  data  and  RAYMODE  predictions 
are  quit'  consistent.  Discrepancies  are 
basically  due  to  fine  scale  str-  cure; 
For  Case  Ila,  the  FASOR  data  show  less 
loss  than  the  RA  KMODE  X prediction  over 
almost  the  entire  range  extent.  Over 
most  of  the  range  interval,'  the  incoher- 
ent result  is  in  closer  agreement  to  the 
FASOR  data  than  is  the  coherent  result 
by  approximately  6 dB.  In  Case  lib  the 
FASOR  data  rides  about  3 dB  above  (i*e., 
at  lower  loss)  the  low  loss  peaks  of  the 
RAYMODE  X coherent  prediction.  The  vari- 
ability is  reduced  and  hence  overall 
agreement  is  enhanced  for  the  RAYMODE  X 
incoherent  prediction.  In  Case  Ilia  the 
smoothed  FASOR  data  shows  more  structure 
than  the  RAYMODE  X coherent  prediction 
(unsmoothed).  The  FASOR  data  shows 
greater  propagation  loss  than  the  RAY- 
MODE predictions  in  this  case.  In  Case 
Illb  the  RAYMODE  X predictions  show  the 
same  basic  trends  as  the  FASOR  data, 
leading  to  basically  low  values  of  mean 
and  standard  deviation  for  the  two  RAY- 
MODE coherence  options.  For  Case  IV, 
despite  some  large  fluctuations,  RAYMODE 
X predictions  capture  the  basically  com- 
plex shape  of  the  FASOR  data.  The  RAY- 
MODE curves  show  a severe  Increase  in 
propagation  loss  at  about  30  km.  This 
same  increase  is  seen  in  the  FASOR  data 
at  about  28  km  and  is  followed  by  a re- 
covery at  about  32  km  which  quickly 
falls  off  again  to  high  loss  values  of 
propagation  loss. 
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(C)  The  results  of  the  Figure  of  Merit 
(FOM)  analysis  are  found  In  Tables  IIIG- 
5 to  1I1G-10  for  the  six  cases.  For  Case 
I,  the  RAYMODE  predictions  are  optimis- 
tic for  FOM  - 85  dB.  At  FOM  - 90  dB, 
RAYMODE  coherent  predicts  longer  ranges 
than  FASOR  data  and  RAYMODE  Incoherent 
predicts  shorter  detection  ranges.  For 
FOM  - 90  dB,  both  FASOR  data  and  RAYMODE 
predictions  yield  approximately  the  same 
detection  coverage.  For  Case  Ila,  FASOR 
data  gives  greater  detection  coverage 
than  RAYMODE  X predictions  at  all  fig- 
ures of  merit  (£105  dB)  regardless  of 
model  phase  option.  For  Case  lib,  FASOR 
gives  greater  detection  coverage  by 
about  20Z  than  RAYMODE  at  FOM  - 90  dB. 
For  FOM  95  dB,  FASOR  and  RAYMODE  de- 
tection coverage  is  basically  the  same. 
For  Case  Ilia,  detection  coverage  is 
basically  the  same  for  FASOR  and  RAYMODE 
X at  FOM  - 80  and  85  dB;  at  FOM  • 90  dB, 
FASOR  gives  a maximum  detection  range  of 
28  km  whereas  RAYMODE  predicts  greater 
than  33  km.  With  the  exception  of  RAY- 
MODE X Incoherent  at  FOM  - 75  dB,  FASOR 
data  and  RAYMODE  predictions  are  in 
basic  agreement  regarding  detection  cov- 
erage over  figures  of  merit  between  75 
and  85  dB.  For  Case  IV,  short  detection 
ranges  (<6  km)  are  found  for  RAYMODE  and 
FASOR  for  FOM  < 90  dB.  At  FOM  - 95  or 
100  dB,  detection  coverage  given  by 
FASOR  Is  much  greater  than  that  predic- 
ted by  RAYMODE  X.  For  FOM  > 105  dB, 
FASOR  and  RAYMODE  results  are  in  basic 
agreement . 

(C)  Aside  from  Case  Ila,  agreement  be- 
tween FASOR  data  and  RAYMODE  X predic- 
tions is  qualitatively  good.  For  Case 
Ila,  the  model  Is  utilizing  a low  loss 
bottom  and  a significant  reduction  of 
levels  is  probably  unachievable  with 
available  bottom  loss  curves.  Overall, 
there  is  a slight  tendency  for  the  FASOR 
results  to  show  less  loss  and  give 
slightly  better  detection  coverage,  al- 
though this  varies  from  case  to  case  and 
also  depends  upon  the  RAYMODE  coherence 
option  chosen. 
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(C)  Table  IIIG-1.  Bottom  Loss  in  dB  versus  Grazing  Anglo  in  degrees 
for  FASOR.  Station  FIG  (FNOC  Type  5).  Frequency  = j.500  Hertz. 
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82 

15.37 

8 

12.29 

23 

15.57 

38 

15.68 

53 

15.05 

68 

14.93 

83 

15.41 

9 

12.68 

24 

15.65 

39 

15.64 

54 

15.01 

69 

14.94 

84 

15.44 

10 

13.03 

25 

15.71 

40 

15.60 

55 

14.99 

70 

J4.97 

85 

15.48 

11 

13.36 

26 

15.75 

41 

15.56 

56 

14.96 

71 

14.99 

86 

15.50 

12 

13.66 

27 

15.79 

42 

15.51 

57 

14.94 

72 

15.02 

87 

15.53 

13 

13.44 

28 

15.82 

43 

15.47 

58 

14.92 

73 

15.05 

88 

15.55 

14 

14.19 

28 

15.84 

44 

15.42 

59 

14.90 

74 

15.08 

89 

. .. 

15.57 

CONFIDENTIAL 


a 

m 


& 


>? 


.53 

* 


TO 

A 


, 


ts 


G— 4 


CONFIDENTIAL 


CONFIDENTIAL 


(C)  Table  IIIG-2.  Bottom  Loss  in  dB  ver^a  Grazing  Angle  in  degrees 
for  FASOR  Stations  OAK  and  THORN  (FNOC  Type  2,  Frequency  = 1500  Hertz). 
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5.00 

32 

m 

47 

8.06 

62 

8.78 

77 

8.96 

3.67 

18 

5.11 

33 

6.81 

48 

8.13 

63 

8.81 

78 

8.96 

3.74 

19 

5.22 

34 

6.91 

49 

8.19 

64 

8.83 

79 

8.96 

5 

3.81 

20 

5.34 

35 

7.01 

50 

8.26 

65 

8.85 

80 

8.96 

6 

3.89 

21 

5.45 

36 

7.11 

51 

8.32 

66 

8.87 

81 

8.96 

7 

8.98 

22 

5.57 

37 

7.21 

52 

8.37 

67 

8.89 

82 

8.96 

8 

4.07 

23 

5.69 

38 

7.31 

53 

8.43 

68 

8.90 

83 

8.96 

9 

4.16 

24 

5.80 

39 

7.40 

54 

8.48 

69 

8.91 

84 

8.96 

10 

4.25 

25 

5.90 

40 

7.49 

55 

8.53 

70 

8.92 

85 

8.96 

11 

4.35 

26 

6.03 

41 

7.58 

56 

8.57 

71 

8.93 

86 

8.97 

12 

4.45 

27 

6.15 

42 

7.67 

57 

8.61 

72 

8.94 

87 

8.97 

13 

4.56 

28 

6.26 

43 

7.75 

58 

8.65 

73 

8.95 

88 

8.98 

14 

4.67 

29 

6.37 

44 

7.83 

59 

8.69 

74 

8.95 

89 

8.99 
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(C)  Table  IIIG-3.  Bottom  Loss  in  dB  versus  Grazing  Angle  in  degrees 
for  FASOR  Station  REDWOOD  (FNOC  Type  8,  Frequency  = 1500  Hertz). 


0 

BL 

0 

BL 

0 

BL 

0 

BL 

0 

BL 

0 

BL 

0 

13.07 

151 

26.67 

30 

27.80 

45 

25.69 

60 

25.08 

75 

26.26 

1 

14.61 

16 

27.01 

31 

27.69 

46 

25.58 

61 

25.13 

76 

26.32 

2 

16.05 

17 

27.30 

32 

27.56 

47 

25.47 

62 

25.18 

77 

26.38 

3 

17.38 

18 

27.54 

33 

27.43 

48 

25.38 

63 

25.25 

78 

26.42 

4 

18.61 

19 

27.73 

34 

27.28 

49 

25.29 

64 

25.32 

79 

26.44 

5. 

18.74 

20 

27.89 

35 

27.13 

50 

25.22 

65 

25.39 

80 

26.45 

6 

20.78 

21 

28.00 

36 

26.98 

51 

25.15 

66 

25.48 

81 

26.44 

7 

21.73 

22 

28.09 

37 

26.83 

52 

25.10 

67 

25.56 

82 

26.40 

8 

22.60 

23 

28.14 

38 

26.68 

53 

25.06 

68 

25.65 

83 

26.34 

9 

23.39 

24 

28.16 

39 

26.52 

54 

25.03 

69 

25.74 

84 

26.26 

10 

24.11 

25 

28.15 

40 

26.37 

55 

25.01 

70 

25.34 

85 

26.14 

11 

24.75 

26 

28.12 

41 

26.22 

56 

25.00 

71 

25.93 

86 

25.99 

12 

25.32 

27 

28.07 

42 

26.08 

57 

25.01 

72 

26.02 

87 

25.81 

13 

25.83 

28 

28.00 

43 

25.94 

58 

25.02 

73 

26.10 

88 

25.59 

14 

26.28 

29 

27.91 

44 

25.81 

59 

25.05 

74 

26.18 

89 

25.32 
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(C)  Table  IIIG-4.  Means  (ft)  and  Standard  Deviations  (a)  of  Differences 
Obtained  by  Subtracting  RAYMODE  X Coherent  and  Incoherent  Outputs 
from  Smoothed  1 FASOR  Experimental  Data  (in  dB). 


Coherent 

Phase 

Incoherei 

it  Phase 

Case 

Station 

Run 

0 

M 

a 

I 

FIG 

3 

0.7 

6.2 

2.1 

3.4 

Ha 

OAK 

1 

-8.9 

4.7 

-2.3 

2.2 

lib 

OAK 

2 

-8.2 

4.8 

-3.2 

0.7 

Ilia 

THORN 

1 

6.9 

1.9 

4.0 

1.8 

II  lb 

THORN 

2 

1.5 

2.0 

-1.4 

2.0 

IV 

REDWOOD 

3 

-6.1 

6.9 

-3.1 

4.2 

1.  Smoothed  by  running  average  with  a 2 kilometer  window  and  25%  overlap 
thereby  generating  one  point  every  0.5  km. 
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(C)  Table  IIIG-5.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  FASOR*  Data  (6-54  km)  and  RAYMODE  X Model2  Results. 
(Station  FIG,  Run  3,  Source  Depth  = 6.1  m,  Receiver  Depth  = 37  m. 

Frequency  = 1.5  kHz. 


Data  Set 

FOM 

FASOR 

85 

RAYMODE  X 
Coherent 

85 

RAYMODE  X 
Incoherent 

85 

FASOR 

90 

RAYMODE  X 
Coherent 

90 

RAYMODE  X 
Incoherent 

90 

FASOR 

95 

RAYMODE  X 
Coherent 

95 

RAYMODE  X 
Incoherent 

95 

FASOR 

100 

RAYMODE  X 
Coherent 

100 

RAYMODE  X j 
Incoherent 

100 

FASOR 

105 

RAYMODE  X 
Coherent 

105 

RAYMODE  X 
Incoherent 

105 

FASOR 

110 

RAYMODE  X 
Coherent 

110 

RAYMODE  X 
Incoherent 

110 

>54. 


>54. 


34.5 


>54.0 


>54.0 


39. 


Range  > RQ 


ZDC4  50%,  6-8.5  km 


ZDC  80%,  7.0-12.0  km;  ZDC  75%,  15-20  km 
Coverage  25.5-26  km 


ZDC  50%,  11-18.5  km 


ZDC  75%,  25-29  km  ONE  PEAK  st  32  km 


ZDC  70%,  7.5-33.5  km.  Peaks  at  45.5  km, 
47.5  km,  50  km 


ZDC  50%,  11-18.5  km 


ZDC  70%,  18-52  km 


ZDC  80%,  12.0-38  km  ZDC  35%,  42.5-54  km 


ZDC  80%,  22.5-54  km 


ZDC  80%,  34.5-54  km 


100%  coverage  54  km  except  for  loss 
39-40  km 


1. -'  FASOR  data  were  not  smoothed. 

2.  RAYMODE  X Model  Results  were  not  Smoothed. 

3.  Range  to  which  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIIG-6.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  FASOR*  Data  (26-44  km)  and  RAYMODE  X Model2  Results. 
(Station  OAK,  Run  1,  Source  Depth  = 23  m,  Receiver  Depth  = 37  m, 

Frequency  = 1.5  kHz. 


Data  Set 

FOM 

Be3 

Range  > Rq 

FASOR 

105 

29 

50%  coverage  36-44  km;  ZDC^  70%,  29-32  km; 
100%  coverage  32-36  km 

RAYMODE  X 
Coherent 

105 

<26 

100%  coverage  26-27  km  and  29.5-31  km 

RAYMODE  X 
Incoherent 

105 

27.5 

FASOR 

110 

39 

ZDC  60%,  39-44  km 

RAYMODE  X 
Coherent 

110 

<26 

100%  coverage  26-27.5  km,  29-31  km  and 
32-33  km 

RAYMODE  X 
Incoherent 

110 

38 

FASOR 

115 

>44 

RAYMODE  X 
Coherent 

115 

<26 

ZDC  50%  37-41  km;  100%  coverage  26-27.5  km, 
28.5-31  km,  and  31.5-35  km 

RAYMODE  X 
Incoherent 

115 

44 

1.  FASOR  data  were  not  smoothed. 

2.  RAYMODE  X Model  Results  were  not  Smoothed. 

3.  R = Range  to  which  converage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIIG-7.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  FASOR*  data  (12-24.5  km)  and  RAYMODE  X Model2  Results. 
(Station  OAK,  Run  2,  Source  Depth  = 23  m,  Receiver  Depth  = 37  m, 

Frequency  = 1.5  kHz. 


Range  > R 


Data  Set 

FOM 

*.* 

FASOR 

90 

18.0 

RAYMODE  X 
Coherent 

90 

11.0 

RAYMODE  X 
Incoherent 

90 

18.0 

FASOR 

95 

23.0 

RAYMODE  X 
Coherent 

95 

12.0 

RAYMODE  X 
Incoherent 

95 

23.0 

FASOR 

100 

>24.5 

RAYMODE  X 
Coherent 

100 

15.0 

RAYMODE  X 
Incoherent 

100 

>24.5 

FASOR 

105 

>24.5 

RAYMODE  X 
Coherent 

105 

19.5 

RAYMODE  X 
Incoherent 

105 

>24.5 

ZDC  50%,  18-22  km 
ZDC  50%,  11.0-17.0  km 


ZDC  70%  12.0-19  km;  Peak  at  23  km 


ZDC  65%  15.0  to  >24.5  km 


100%  coverage  20-24  km 


1.  FASOR  data  were  not  smoothed. 

2.  RAYMODE  X Model  Results  were  not  Smoothed. 

3.  R = Range  to  which  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIIG-8.  Detection  Range  In  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  FASOR*  Data  (19.5-33.5  km)  and  RAYMODE  X Model2  Results. 
(Station  THORN,  Run  1,  Source  Depth  = 23  m,  Receiver  Depth  = 37  m, 

Frequency  = 1.5  kHz). 


Range  > R 


Data  Set 

FOM 

«c3 

FASOR 

80 

<19.5 

RAYMODE  X 
Coherent 

80 

■ 

RAYMODE  X 
Incoherent 

80 

22.0 

FASOR 

85 

<19.5 

RAYMODE  X 
Coherent 

85 

<33.5 

RAYMODE  X 
Incoherent 

85 

<33.5 

FASOR 

90 

28.0 

RAYMODE  X 
Coherent 

90 

<33.5 

RAYMODE  X 
Incoherent 

90 

<33.5 

ZDC  65%,  19.5-23.5  km,  ZDC  20%,  23.5- 
33.5  km 


1.  FASOR  data  were  not  smoothed. 

2.  RAYMODE  X Model  Results  were  not  Smoothed. 

3.  R = Range  to  which  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIIG-9.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  FASOR*  Data  (12-25.5  km)  and  RAYMODE  X Model2  Results. 
(Station  THORN,  Run  2,  Source  Depth  = 23  m,  Receiver  Depth  = 37  m, 

Frequency  = 1.5  kHz. 


Data  Set 

FOM 

*.* 

Range  >Rq 

FASOR 

75 

<12.0 

ZDC4  60%,  12-21  km 

RAYMODE  X 
Coherent 

75 

17.0 

Coverage  17.5-18  km 

RAYMODE  X 
Incoherent 

75 

11.5 

FASOR 

80 

14.5 

ZDC  P0%,  14.5-24  km 

RAYMODE  X 
Coherent 

80 

>25.5 

RAYMODE  X 
Incoherent 

80 

22.0 

FASOR 

85 

22.0 

ZDC  60%,  22-25.5  km 

RAYMODE  X 
Coherent 

85 

>25.5 

RAYMODE  X 
Incoherent 

85 

>25.5 

1.  FASOR  data  were  not  smoothed. 

2.  RAYMODE  X Model  Results  were  not  smoothed. 

3.  R = Range  to  which  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval 
over  which  detection  is  possible. 
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(C)  Table  IIIG-10.  Detection  Range  in  kin  as  a Function  of  Figure  of  Merit  (FOM) 
in  for  FASOR 1 Data  (1-36  km)  and  RAYMODE  X Model2  Results. 

(Station  REDWOOD,  Run  3,  Source  Depth  = 6.1m,  Receiver  Depth  = 37  m, 

Frequency  =1.5  kHz). 


Data  Set 

FOM 

Rc3 

Range  > Rc 

FASOR 

85 

? 

RAYMODE  X 
Coherent 

85 

2.0 

Peak  at  2.5  km 

RAYMODE  X 
Incoherent 

85 

3.0 

FASOR 

90 

2.5 

RAYMODE  X 
Coherent 

90 

3.0 

Peak  at  4.0  km 

RAYMODE  X 
Incoherr  nt 

90 

4.0 

FASOR 

95 

5.0 

ZDC4  60%,  5-11  km 

RAYMODE  X 
Coherent 

95 

5.0 

RAYMODE  X 
Incoherent 

95 

6.0 

FASOR 

100 

11.5 

ZDC  50%,  11.5-24.5  km 

RAYMODE  X 
Coherent 

100 

6.0 

Peaks  at  7.0  km,  7.5  km,  8.5  km,  13.5  km, 
27  km 

RAYMODE  X 
Incoherent 

100 

7.5 

100%  coverage  7. 5-8. 5 km,  and  9.0  km 

FASOR 

105 

28.5 

One  dropout  from  15  to  16  km 

RAYMODE  X 
Coherent 

105 

6.0 

ZDC  45%,  6.5-28.5  km 

RAYMODE  X 
Incoherent 

105 

13.0 

100%  coverage  13.5-14  km,  14.5-15  km, 
24-28.5  km  and  29  km 

FASOR 

110 

28.5 

RAYMODE  X 
Coherent 

110 

10.0 

ZDC  70%,  10.5-29  km 

RAYMODE  X 
Incoherent 

110 

30.0 

FASOR 

115 

29.0 

One  peak  between  32  and  33  km 

RAYMODE  X 
Coherent 

115 

11.0 

ZDC  85%,  11.0-30.5  km 

RAYMODE  X 
Incoherent 

115 

30.5 

1 

1.  FASOR  Data  were  not  smoothed. 

2.  RAYMODE  X Model  Results  were  not  Smoothed. 

3.  Rc  = Range  to  which  coverage  ts  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval 
over  which  detection  is  possible. 
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VELOCITY  PROFILE 
VELOCITY  (M/S) 

1500  1510  1520  1530  1540  1550 


DEPTH  VELOCITY 
0.0  15m. 60 

10.0  1514/70 

20.0  1514.80 

23.0  1514.83 

30.0  1514.90 

37.0  1514.41 

40.0  1514.20 

50.0  1512.40 

60.0  1511.50 

70.0  1510.40 

80.0  1508.90 

100.0  1508.40 

120.0  1508.70 


(U)  Figure  IIIG-2.  Sound  Speed  Versus  Depth  Profile  for  FASOR  Station  OAK 
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VELOCITY  PROFILE 
VELOCITY  (M/S) 

1500  1510  1520  1530  1540 

0 I— T I T I I I T*  r~  I"  I I II  I II  III  I It 


DEPTH 

VELOCITY 

0.0 

1542.40 

HI 

10.0 

1542.60 

ao.o 

1542.70 

L.'l 

23.0 

1542.76 

30.0 

1542.90 

37.0 

1543.25 

40.0 

1543.40 

& 

50.0 

1543.80 

H 

55.0 

1544.20 

■AH 

60.0 

1543.10 

75.0 

1537.20 

C2 

100.0 

1528.20 

M 

104.0 

1528.00 

w 
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(U)  Figure  IIIG-3.  Sound  Speed  Versus  Depth  Profile  for  FASOR  Station  THORN 
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(C)  Figure  IIIG-5.  Bottom  Loss  Versus  Grazing  Angle  for  FASOR  Station  FIG 

(FNOC  Type  5,  Frequency  = 1.5  Kilohertz) 
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(C)  Figure  IIIG-7.  Bottom  Loss  Versus  Grazing  Angle  for  FASOR  Station  REDWOOD 

(FNOC  Type  8,  Frequency  = 1.5  Kilohertz) 
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(C)  Figure  IIIG-19.  Smoothed  FASCR  Station  REDWOOD,  Run  3,  Source 

Depth  = 6.1  Meters , Receiver  Depth  = 37  Meters , 
Frequency  = 1500  Hertz 
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37  Meters,  Frequency  = 1500  Hertz 
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Appendix  IIIH.  Accuracy  Assessment  of  RAYMODE  X 
Compared  to  Gulf  of  Alaska  Experimental  Data  (U) 
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Gulf  of  JUnka  (U) 

Environment  (U) 

(C)  Seven  environments  in  the  Gulf  of 
Alaska  (GOA)  acoustic  experiment  were 
chosen  as  suitable  for  the  evaluation  of 
range  Independent  propagation  loss 
models.  The  acoustic  measurements  in  the 
seven  environments  are  referred  to  as 
runs  140,  143,  124,  108,  107,  112B  and 
112A.  The  sound  speed  profiles  for  these 
environments  are  given  in  Figures  IIIH-1 
through  IIIH-7.  All  profiles  are  basic- 
ally the  same,  with  shallow  sound  chan- 
nels the  axes  of  which  vary  between  75 
and  90  meters.  Surface  sound  speeds  are 
between  1476  and  1480  meters  per  second. 
Runs  140,  143,  124  and  112B  profiles 
have  a surface  duct  to  a depth  of  10 
meters.  Bottom  depths  vary  from  4042  to 
4078  meters.  Positive  depth  excess  is 
found  to  vary  between  2850  and  3050 


meters.  The  bottom  of  the  sound  channel 
is  between  1000  and  1200  meters  (as  de- 
fined by  the  reciprocal  depth  to  the 
surface  sound  speed  or  the  sound  speed 
at  the  bottom  of  the  surface  duct  when 
one  exists). 

(C)  The  bottom  loss  versus  grazing  angle 
curve  was  the  same  for  all  runs  and  is 
given  in  Table  IIIH-1.  The  bottom  loss 
is  MGS  Type  5 and  is  independent  of  fre- 
quency above  1000  hertz.  The  bottom  loss 
is  10.6  dB  at  0 degrees,  14.3  dB  at  15 
degrees  and  a maximum  of  18.2  dB  at 
no  rmal  inc id  enc  e . 

Test  Cases  (U) 

(C)  There  are  fourteen  test  cases  for 
the  Gulf  of  Alaska  experiments,  corre- 
sponding to  two  receiver  depths  for  each 
of  8 even  runs: 


CASE 

RUN 

NUMBER 

SOURCE 
DEPTH  (m) 

RECEIVER 
DEPTH  (m) 

FREQUENCY 

(kHz) 

MINIMUM 

RANGE 

(km) 

MAXIMUM 

RANGE 

(km) 

I 

140 

30.5 

30.5 

1.5 

37.0 

63.0 

II 

140 

30.5 

304.8 

1.5 

37.0 

63.0 

III 

143 

30.5 

30.5 

1.5 

8.5 

53.0 

IV 

143 

30.5 

304.8 

1.5 

8.5 

53.0 

V 

124 

30.5 

30.5 

1.5 

2.5 

11.0 

VI 

124 

30.5 

304.8 

1.5 

2.5 

11.0 

VII 

108 

1067.0 

30.5 

2.5 

2.5 

28.0 

VIII 

108 

1067.0 

304.8 

2.5 

2.5 

28.0 

IX 

108 

1067.0 

30.5 

2.5 

30.0 

67.0 

X 

107 

1067.0 

304.8 

2.5 

30.0 

67.0 

XI 

11 2B 

304.8 

30.5 

2.5 

2.0 

19.5 

XII 

112B 

304.8 

304.8 

2.5 

2.0 

19.5 

XIII 

11 2A 

304.8 

30.5 

2.5 

15.0 

58.0 

XIV 



112A 

304.8 

304.8 

2.5 

15.0 

58.0 
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(C)  In  Cases  I,  III  and  V,  source  and 
receiver  are  at  the  same  depth  in  the 
upper  part  of  the  sound  channel.  In 
Cases  II,  IV  and  VI,  both  source  and 
receiver  are  in  the  sound  channel,  but 
on  either  side  of  the  axis.  In  Cases  VII 
through  X,  the  source  is  below  the  sound 
channel  and  the  receiver  is  in  the  chan- 


coherent;  and  second,  RAYMODE  X incoher- 
ent results  are  subtracted  from  GOA 
smoothed  data. 

(U)  For  each  case  the  following  figures 
are  produced:  (a)  the  RAYMODE  X coherent 
output,  (b)  the  RAYMODE  X coherent  re- 
sult subtracted  from  Gulf  of  Alaska  data 


nel  either  above  the  axis  at  30.5  m or 
below  the  axis  at  305  m.  For  Cases  XI 
through  XIV  the  source  is  in  the  lower 
half  of  the  sound  channel  and  the  re- 
ceiver is  either  at  the  same  depth  of 
305  m or  above  the  channel  axis  at  30.5 
m.  The  dominant  propagation  is  either 


smoothed  in  0.5  km  increments,  (c)  RAY- 
MODE X incoherent  output,  and  (d)  RAY- 
MODE X incoherent  results  subtracted 
from  Gulf  of  Alaska  data  smoothed  in  0.5 
km  increments.  These  plots  are  found  in 
Figures  IIIH-36  through  IIIH-91  for  the 
fourteen  cases. 


via  the  sound  channel  (purely  refracted) 
paths  or  half-channel  (refracted-surface 
reflected)  paths.  Due  to  the  nature  of 
the  sound  speed  profile  and  relatively 
high  bottom  loss  (MGS  Type  5),  bottom 
reflected  energy  is  not  a significant 
factor. 

Accuracy  Assessment  Results  (U) 

(C)  The  accuracy  assessment  procedures 
applied  to  the  RAYMODE  X outputs  and  the 
experimental  data  are  described  in  sec- 
tion 1.1  of  this  volume  and  in  greater 
detail  in  section  5 of  Volume  I of  this 
series  with  the  exception  that  the  co- 
herent model  output  in  not  smoothed  be- 
fore subtraction  from  the  experimental 
data.  The  Gulf  of  Alaska  experimental 
data  (Cases  I-XIV)  are  plotted  in  Fig- 
ures IIIH-8  through  IIIH-21.  This  same 
data,  after  smoothing  by  a 0.5  km  window 
running  average  is  shown  in  Figures 
IIIH-22  through  IIIH-35.  The  experimen- 
tal data  are  characterized  by  large 
fluctuations,  even  after  smoothing  for 
Cases  I-VI  and  XIII.  When  this  is  com- 
bined with  the  lack  of  smoothing  in  the 
RAYMODE  X coherent  output  before  sub- 
traction, the  large  standard  deviations 
(>5  dB)  observed  for  smoothed  GOA  data 


(C)  Means  and  standard  deviations  of 
differences  between  the  smoothed  Gulf  of 
Alaska  data  and  the  RAYMODE  X results 
( for  the  coherent  and  incoherent  phase 
addition  options)  are  given  in  Table 
IIIH-2.  For  Case  I,  the  mean  difference 
• e 4.1  dB  would  be  lessened  if  either 
GOA  data  and  RAYMODE  X coherent  results 
were  unsmoothed  or  if  both  were  smooth- 
ed. The  high-loss  feature  in  the  GOA 
data  of  42  km  is  not  duplicated  in 
either  the  coherent  or  incoherent  model 
results.  The  smoothing  of  the  GOA  data 
was  in  dB  space  rather  than  intensity 
space;  had  the  smoothing  been  done  in 
intensity  space  instead,  the  smoothed 
GOA  curve  would  be  about  5 dB  higher 
(i.e.,  toward  less  loss)  for  fluctua- 
tions of  10-15  dB.  This  would  result  in 
subtraction  of  5 dB  from  all  means  in 
Table  IIIH-2,  yielding  overall  better 
agreement.  In  Case  I,  fluctuations  of 
GOA  data  and  RAYMODE  coherent  results 
are  similar  over  the  interval  43  to  48 
km.  Otherwise,  the  RAYMODE  coherent 
fluctuations  are  smaller  than  GOA's.  The 
RAYMODE  incoherent  result  is  a low-loss 
envelope  for  the  GOA  data.  For  Case  II, 
RAYMODE  coherent  fluctuations  are  of  the 
same  magnitude  as  the  GOA  unsmoothed 


’>> 


minus  RAYMODE  X coherent  output  in  Table 
IIIH-2  are  not  surprising.  The  standard 
deviations  for  smoothed  GOA  data  minus 
RAYMODE  X incoherent  results  are  gener- 
ally 2-3  dB  less  than  those  for  the  co- 
herent RAYMODE  X results.  This  is,  how- 
ever, usually  offset  by  an  increase  in 
mean  differences  as  first  RAYMODE  X 


data.  The  smoothing  of  the  GOA  data  im- 
proved the  mean  difference  (a  +3  dB  mean 
difference  would  be  more  reasonable). 
The  high-loss  feature  centered  at  42  km 
in  the  GOA  data  is  not  observed  in 
either  the  coherent  or  incoherent  model 
output.  Aside  from  this  high-loss  fea- 
ture, agreement  between  the  incoherent 
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RAYMODE  output  and  the  smoothed  GOA  data 
is  remarkably  close.  In  Case  III,  the 
fine-scale  fluctuations  in  the  unsmooth- 
ed  GOA  data  are  not  seen  in  the  RAYMODE 
coherent  result  but  large-scale  fluctua- 
tions of  the  same  order  of  magnitude  are 
seen  in  both.  The  large  scale  fluctua- 
tions are  out  of  phase,  however,  and  re- 
sult in  a large  standard  deviation.  The 
incoherent  RAYMODE  X result  provides  a 
low-loss  envelope  for  the  un smoothed 
data.  For  Case  IV,  the  Gulf  of  Alaska 
fluctuations  are  10-15  dB  as  compared  to 
3-10  dB  for  RAYMODE  X coherent  output. 
Had  the  RAYMODE  coherent  result  been 
smoothed  the  standard  deviation  of  5.7 
dB  would  be  less  but  the  mean  difference 
of  -1.9  dB  would  decrease.  The  RAYMODE  X 
incoherent  output  is  about  5 dB  too 
great  to  be  the  low-loss  envelope  of  the 
GOA  unsmoothed  data.  The  match  between 
RAYMODE  incoherent  and  smoothed  GOA  data 
is  seen  to  yield  a mean  difference  of 
0.7  dB  and  a standard  deviation  of  3 dB. 
For  Case  V,  the  RAYMODE  X coherent  and 
GOA  unsraoothed  data  are  quite  similar 
with  respect  to  their  mean  values.  Fluc- 
tuations, however,  are  as  great  as  30  dB 
for  the  GOA  data  and  j great  as  15  dB 
for  RAYMODE  X cohere  results.  RAYMODE 
Incoherent  shows  different  structure 
than  either  smoothed  or  unsmoothed  Gulf 
of  Alaska  data.  For  Case  VI,  the  un- 
smoothed GOA  data  exhibits  fluctuations 
varying  from  3 to  30  dB;  the  coherent 
RAYMODE  curve  shows  fluctuations  varying 
from  2 to  15  dB  in  the  data  interval 
(2.5-11  km).  Although  the  curves  have  a 
similar  appearance,  phase  differences 
between  peaks  and  nulls  result  in  a 
large  standard  deviation.  A displacement 
of  the  RAYMODE  curve  to  greater  range  by 
1 km  would  significantly  enhance  agree- 
ment; this  may  be  merely  coincidental. 
Incoherent  RAYMODE  output  does  not  show 
the  deep  fades  of  the  GOA  unsmoothed 
data  and  Is  a low-loss  envelope  for  that 
data  over  the  first  half  of  the  data  in- 
terval, thereafter  showing  higher  propa- 
gation loss  than  the  GOA  data.  For  Case 
VII,  the  unsmoothed  GOA  data  and  the 
RAYMODE  X coherent  output  are  parallel 
(in  terms  of  low-loss  envelopes)  but 
separated  by  approximately  10  dB  with 


H- 


the  model  showing  less  loss.  The  inco- 
herent RAYMODE  result  is  entirely  dif- 
ferent from  GOA  data.  To  18  km,  the  low- 
loss  envelope  of  the  GOA  data  is  5 dB 
greater  (i.e.,  has  greater  propagation 
loss  than  the  RAYMODE  incoherent  output. 
From  18  km  to  28  km  the  disagreement  is 
worse  due  to  the  presence  of  a conver- 
gence zone  in  the  RAYMODE  incoherent 
curve,  a feature  lacking  in  the  GOA 
data.  For  Case  VIII,  the  RAYK0DE  X co- 
herent curve  shows  3 dB  less  propagation 
loss  than  the  low-loss  envelope  for  the 
unsmoothed  GOA  data.  Note  that  these  two 
curves  are  very  nearly  parallel.  This  is 
also  true  for  RAYMODE  X incoherent  com- 
pared to  the  unsmoothed  GOA  low-loss 
envelope.  Here,  two  low-loss  peaks  in 
the  RAYMODE  curve  at  18  and  26  km  seem 
to  be  duplicated  in  the  GOA  data.  Peaks 
in  the  GOA  data  at  8 and  15  km  are  not, 
however,  seen  in  the  incoherent  model 
result.  For  Case  IX,  the  RAYMODE  coher- 
ent curve  shows  less  loss  and  a differ- 
ent slope  than  unsmoothed  GOA  data  from 
30  km  to  the  onset  of  the  convergence 
zone  (CZ)  at  about  46  km;  From  this 
range  to  the  end  of  the  GOA  data  at  67 
km  the  RAYMODE  coherent  curve  is  nearly 
the  low-loss  envelope  of  the  GOA  data. 
The  fluctuations  of  the  GOA  data  are 
10-15  dB;  fluctuations  of  the  RAYMODE 
coherent  output  are  3-8  dB.  The  RAYMODE 
incoherent  curve  is  almost  an  exact  low- 
loss  envelope  for  the  unsmoothed  GOA 
data  from  the  onset  of  the  CZ  to  67  km. 
Before  this  the  RAYMODE  incoherent  curve 
shows  less  loss  (by  as  much  as  8 dB) 
than  the  GOA  .low-loss  envelope  and  has  a 
quite  different  slope.  In  Case  X,  a con- 
vergence zone  is  seen  in  the  GOA  data 
and  RAYMODE  incoherent  but  not  In  PAY- 
MODE  coherent  (unless  the  incoherent 
curve  is  used  as  an  aid).  Neverthexess , 
when  RAYMODE  coherent  and  unsraoothed  GOA 
data  are  compared,  similarity  in  the  CZ 
region  is  found.  Before  the  CZ,  RAYMODE 
coherent  shows  less  loss  than  GOA  low- 
loss  envelope  and  vice  versa  after  the 
CZ.  GOA  shows  10  dB  fluctuations;  RAY- 
MODE coherent  shows  2-10  dB  fluctua- 
tions; The  RAYMODE  incoherent  curve  is 
above  the  GOA  low-loss  envelope  before 
the  CZ  and  differs  in  slope.  In  the  CZ, 
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RAYMODE  incoherent  provides  a good  low- 
loss  GOA  data  envelope;  after  the  CZ, 
RAYMODE  incoherent  has  3 dB  less  loss 
than  tbe  GOA  envelope.  In  Case  XI,  from 
2 to  12  km  the  RAYMODE  coherent  curve 
and  the  unsmoothed  GOA  dat  .i  envelope  are 
quite  similar;  from  12  to  19.5  km  the 
RAYMODE  curve  shows  less  propagation 
loss  than  the  GOA  low-loss  envelope. 
Fluctuations  are  about  3 dB  for  RAYMODE 
coherent  and  unsmoothed  GOA  data;  inter- 
ference features  are  of  similar  scale. 
The  RAYMODE  incoherent  curve  is  roughly 
parallel  to  the  GOA  envelope  hut  at  3 dB 
less  loss.  In  Case  XII,  the  fluctuations 
are  of  similar  scale  (5-15  dB)  for  RAY- 
MODE coherent  and  unsraoothed  GOA  data 
but  more  rapid  for  GOA.  Basic  agreement 
is  not  found,  however,  and  some  RAYMODE 
structure  from  12  to  17  km  is  not  seen 
in  the  GOA  data.  The  high  loss  dip  in 
the  middle  of  the  GOA  data  is  not  evi- 
dent in  RAYMODE  incoherent.  Aside  from 
this,  the  RAYMODF,  incoherent  curve  is 
the  low-loss  envelope  for  GOA  data.  In 
Case  XIII,  the  anomalous  rise  (to  lower 
values)  in  the  Gulf  of  Alaska  propaga- 
tion loss  data  is  not  found  in  the  RAY- 
MODF. X coherent  or  incoherent  curves. 
GOA  fluctuations  are  10-15  dB  compared 
to  RAYMODE  coherent's  5-15  dB  and  are 
more  rapid.  After  the  anomalous  section, 
the  RAYMODE  coherent  and  unsmoothed  GOA 
data  agree  iu  slope  from  27  to  52  km, 
but  RAYMODE  has  about  3 dB  less  loss . 
RAYMODE  and  GOA  basically  agree  in  level 
from  52  to  58  km.  RAYMODE  incoherent 
plus  3 dB  is  a good  low-loss  envelope 
for  the  GOA  data  from  27  to  52  km  (the  3 
dB  is  not  needed  from  52  to  58  km).  For 
Case  XIV,  fluctuations  are  about  12  dB 
for  unsmoothed  GOA  data  and  5-20  for 
RAYMODE  X coherent.  The  RAYMODE  X coher- 
ent curve  and  the  GOA  data  have  similar 
low-loss  envelopes • RAYMODE  X incoherent 
provides  an  almost  perfect  envelope  for 
the  Gulf  of  Alaska  unsmoothed  data. 

(C)  We  now  turn  to  the  FOM  results. 
Tables  IIIH-3  through  IIIH-16  give  de- 
tection coverage  as  a function  of  figure 
of  merit  in  5 dB  steps  for  the  fourteen 
cases.  In  what  follows  we  shall  refer  to 
detections  per  opportunity.  This  is  the 
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same  as  Zonal  Detection  Coverage  as 
listed  and  defined  in  the  tables.  For 
Case  I,  at  FOM  *■  80  dB,  the  detection 
coverage  for  GOA  is  slight  (2  km),  for 
RAYMODE  incoherent  there  is  none,  and 
for  RAYMODE  coherent  detection  coverage 
is  over  8 km.  At  FOM  ■ 85  dB,  GOA  and 
RAYMODE  give  similar  coverage  In  100% 
ZDC.  For  Case  XI,  at  FOM  * 75,  GOA  and 
RAYMODE  coherent  have  nearly  identical 
coverage  and  RAYMODE  incoherent  coverage 
is  twice  as  long  (to  11.5  km).  It  Is  not 
until  FOM  ■ 90  dB  that  the  full  range 
extent  (to  19.5  km)  Is  covered  by  GOA 
data  at  a ZDC  at  least  35%  at  all 
ranges.  At  FOM  ■ 85  dB,  however,  the 
full  range  extent  la  covered  by  RAYMODE 
incoherent  at  100%  ZDC  and  by  RAYMODE 
coherent  with  ZDC  75%  or  greater.  For 
Case  XII,  at  FOM  - 70  and  75  dB,  RAYMODE 
coverage  Is  more  extensive  and  at  equal 
or  greater  ZDC.  From  FOM  > 80  dB,  GOA 
and  RAYMODE  show  detection  coverage  to 
the  maximum  range  of  19.5  km,  with  ZDC 
at  least  65%  for  RAYMODE  coherent,  100% 
for  RAYMODE  Incoherent  and  as  low  as  10% 
between  7.5  and  16.5  km  for  GOA.  For 
Case  XIII,  at  FOM  «*  85  dB,  RAYMODE  has 
substantial  ZDC  over  almost  the  entire 
interval  of  15-58  km  whereas  GOA  has 
essentially  no  coverage.  At  FOM  ■ 90  dB, 
GOA  has  detection  capability  over  almost 
the  entire  interval  but  at  a low  15% 
ZDC;  this  compares  to  65%  for  RAYMGDE 
coherent  and  100%  for  RAYMODE  incoher- 
ent. At  105  dB,  GOA  has  at  least  50%  ZDC 
at  all  ranges.  For  Case  XIV,  at  FOM  « 80 
dB,  RAYMODE  coherent  has  detection  with 
2 to  4 km  gaps  to  48.5  km  at  25%  ZDC  or 
greater;  RAYMODE  incoherent  gives  detec- 
tion to  33  km  at  60%  or  greater;  GOA 
gives  detection  to  33  km  at  a low  10% 
ZDC.  By  FOM  - 95  dB,  GOA  and  RAYMODE 
have  total  range  coverage  with  at  least 
50%  ZDC. 

General  Conclusions  (U): 

(C)  Fluctuations  were  not  as  rapid  for 
RAYMODE  coherent  as  for  GOA  data  and 
t/ere  larger  for  GOA  by  factors  as  great 
as  two  (in  dB  space)  with  the  exceptions 
of  Case  I where  fluctuations  were  10-15 
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dB'for  each.  Case  XI  with  3 dB  fluctua- 
tions, Cases  XII  and  XIII  with  5-15  dB 
fluctuations,  and  Case  XIV  where  GOA 
fluctuations  were  12  dB  and  RAYMODE' 8 
varied  between  5 and  20  dB.  Note:  The 
final  four  cases  are  in  the  sound  chan- 
nel with  source  below  the  axis;  frequen- 
cy of  2.5  kHz.  (2)  The  1.5  kHz  results 
(Cases  I-IV)  show  basic  similarity  be- 
tween GOA  and  RAYMODE  coherent  results. 
The  RAYMODE  incoherent  curve  usually 
provided  a low-propagation  loss  envelope 
for  the  unsmoothed  GOA  data.  (3)  There 
is  good  agreement  in  start  and  end 
ranges  between  GOA  and  RAYMODE  conver- 
gence zones  except  that  in  Case  VII  a CZ 
was  predicted  by  RAYMODE  incoherent  but 
not  by  RAYMODE  coherent  nor  evident  in 
GOA  data.  (4)  Results  for  the  1067  m 
source  were  inconsistent.  More  often 
than  not,  however,  RAYMODE  results  cor- 
responded to  low-loss  envelopes  of  GOA 
data  (Case  VII  showed  severe  unexplained 
disagreement).  (5)  For  the  last  four 
cases  (305  m source),  the  RAYMODE  curves 
were  generally  low-loss  envelopes  for 
GOA  data  or  parallel  to  the  low-loss 
envelope  but  with  3 dB  less  loss.  (6) 
For  the  1.5  kHz  data,  figure  of  merit 
analysis  shows  the  extent  of  range  cov- 
erage of  GOA  data  to  be  greater  than  or 
equal  to  that  of  RAYMODE  output.  This 
trend  is  reversed  for  the  2.5  kHz  data, 
for  which  RAYMODE  had  consistently  bet- 
ter range  coverage  than  did  GOA  data. 
(7)  Over  range  increments  where  both 
RAYMODE  and  GOA  data  had  detection  cov- 
erage, the  ZDC  (detections  per  opportun- 
ity in  percent)  was  greatest  for  RAYMODE 
incoherent  (usually  100%)  and  least  for 
GOA  data  due  to  fluctuations.  Two  excep- 
tions were  Case  II  for  which  the  ZDC's 
were  about  equal  and  Case  IV  for  which 
the  GOA  data  had  better  ZDC  than  either 
RAYMODE  phase  option  resultant. 
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(C)  Table  IIIH-1.  Bottom  Loss  in  dB  Versus  Grazing  Angle  in  Degrees. 
MGS  Type  5.  Frequency  > 1000  Hertz. 


0 

BL 

0 

BL 

0 

BI. 

0 

10.6 

30 

15.8 

60 

17.3 

2 

11.6 

32 

15.9 

62 

17.3 

4 

12.3 

34 

16.0 

64 

17.4 

6 

12.8 

36 

16.1 

66 

17.5 

8 

13.2 

38 

16.3 

68 

17.6 

10 

13.6 

40 

16.4 

70 

17.6 

12 

13.9 

42 

16.5 

72 

17.7 

14 

14.2. 

44 

16.6 

74 

17.7 

16 

14.5 

46 

16.7 

76 

17.8 

18 

14.7 

48 

16.8 

78 

17.9 

20 

14.9 

50 

16.9 

80 

17.9 

22 

15.1 

52 

16.9 

82 

18.0 

24 

15.3 

54 

17.0 

84 

18.0 

26 

15.4 

56 

17.1 

86 

18.1 

28 

15.6 

58 

17.2 

88 

18.1 
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(C)  Table  IIIH-2.  MeanB  Qi)  and  Standard  Deviations  (a)  in  dB 
of  Differences  Obtained  by  Subtracting  RAYMODE  X Model 
Results  from  Gulf  of  Alaska  Experimental  Data.l 


Case 

Run 

Frequency 

(kHz) 

Source 
Depth  (m) 

Receiver 
Depth  (m) 

I 

140 

1.5 

30.5 

30.5 

II 

140 

1.5 

30.5 

30  .8 

III 

143 

1.5 

30.5 

30.5 

IV 

143 

1.5 

30.5 

304.8 

V 

124 

1.5 

30.5 

30.5 

VI 

124 

1.5 

30.5 

304.8 

VII 

108 

2.5 

1067 

30.5 

VIII 

108 

2.5 

1067 

304.8 

IX 

107 

2.5 

1067 

30.5 

X 

107 

2.5 

1067 

304.8 

XI 

112B 

2.5 

304.8 

30.5 

XII 

112B 

2.5 

304.8 

304.8 

XIII 

112A 

2.5 

304.8 

30.5 

XIV 

112A 

2.5 

304.8 

304.8 

RAYMODE  X RAYMODE  X 
COHERENT  INCOHERENT 


Gulf  of  Alaska  data  were  smoothed  by  application  of  a running  average  with  a 
2 ^kilometer  window. 
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(C)  Table  IIIH-3.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  140  (37-83  km)  Experimental  Data  and  Q 

RAYMODE  X Model  Results. 

Case  I. 

(Source  Depth  = 30.5  m.  Receive  Depth  = 30.5  m, 

Frequency  = 1.5  kHz)  jy 


Data  Set 

FOM 

Range  > Rc 

Gulf  of  Alaska 

80 

ZDC2  50%,  38-40  km 

RAYMODE  X 

Coherent 

80 

ZDC  15%.  39-47  km 

RAYMODE  X 
Incoherent 

80 

Gulf  of  Alaska 

85 

ZDC  30%,  37-41  km 
ZDC  15%.  44.5-61  km 

RAYMODE  X 
Coherent 

85 

ZDC  50%,  37-57  km 

RAYMODE  X 

Incoherent 

85 

100%  coverage  37-50.5  km 
ZDC  25%.  51.5  - 60.5  km 

Gulf  of  Alaska 

90 

ZDC  80%,  37-41  km 
ZDC  50%.  43-63  km 

RAYMODE  X 
Coherent 

90 

100%  coverage  37-43  km 
ZDC  70%.  43.5-66.5  km 

RAYMODE  X 
Incoherent 

90 

100%  coverage  37-57.5  km.  and  58-62  km,  and  62.5-63  km 

Gulf  of  Alaska 

95 

ZDC  95%,  37-40  km;  ZDC  20%,  40-50  km; 
ZDC  85%,  50-63  km 

BAYMODE"  % 

Coherent 

95 

100%  coverage  3^-43  km;  ZDC  85%,  43-48  km;  100%  coverage 
48.5-63  km  except  dropouts  at  52.5  km,  62  km  and  62.5  km 

RAYMODE  X 

Incoherent 

95 

100%  coverage  37-63  km 

Gulf  of  Alaska 

100 

40.5 

ZDC  50%,  40.5-50  km 
ZDC  95%,  50-63  km 

” RAYMODE  X 
Coherent 

100 

100%  coverage  37-63  km  except  dropout  at 
48  km,  62  km  and  62.5  km 

raYMOM  X 
Incoherent 

100 

>63.0 

Gulf  of  Alaska 

1G5 

42.0 

ZDC  80%,  42-43.5  km 
98%  coverage  past  43.5  km 

RAYMODE  ~Y 
Coherent 

105 

100%  coverage  37-63  km 

Raymode  x 

Incoherent 

105 

>63.0 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over  which 
detection  is  possible. 
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(C)  Table  IIIH-4.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  140  (37-63  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  II. 

(Source  Depth  = 30.5  m,  Receiver  Depth  = 309  a. 
Frequency  = 1.5  kHi) 


Data  Set 


Gulf  of  Alaska 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Gulf  of  Alaska 


RAYMODE  X 
Incoherent 


Gulf  of  Alaska 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Gulf  of  Alaska 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Gulf  of  Alaska 


Coherent 


RAYMODE  X 
Incoherent 


Range  ■ I 


100%  coverage,  38-39.5  km 


ZDC  40 


ZDC  35%,  53-58  km 
Peaks  at  47.5  km.  48  km 


ZDC  95%,  37-40  km;  ZDC  20%.  40-44  km 
ZDC  70%,  44-63  km 


100%  coverage  37-40  km 
ZDC  60%.  40-63  km 


100%  coverage,  60.5-62.5  km;  peak  at  63  km 


ZDC  75%,  41.5-63  km 


100%  coverage,  37- 40km;  ZDC  85%,  40-44  km; 
ZDC  95%,  44-63  km 


coverage  to  63  km  except  dropouts  at 
55  km,  57.5  km.  58  km 


1.  Rfi  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over  which 
detection  is  possible. 
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(C)  Table  IIIH-5.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  143  (8.5-53.0  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  III. 

(Source  Depth  = 30.5  m,  Reciever  Depth  = 30.5  m, 
Frequency  = 1.5  kHz) 


4 

*5 

o 


£ 


Data  Set 

FOM 

Rc1 

Range  > Rq 

Gulf  of  Alaska 

80 

ZDC2  25%.  10.5-30  km 

KATHODE  X 
Coherent 

80 

IATWUK  A 

80 

100%  coverage  20.5-26.5  km 

Orif  of  Alaska 

85 

ZDC  50%,  10-38  km 
ZDC  20%,  41.5-52  km 

■ATiuin 

Oat— t 

ts 

1001  coverage  10.5-12.5  km,  26.5-31  km,  and  36-42  km 

■irnu  f 

85 

16o%  coverage  ft. S- 32.5  km,  33-48  km  except  for 
dropouts  at  35.5  km  and  38.5  km 

(Hf  of  Alaska 

as 

ZDC  SOI,  10- 13  km;  ZDCJ  30%,  13-30.5  km 
ZDC  40%,  30.5-53  km 

Oa— 

88 

1001  coverage  ft. 5-18  km,  19.5-2i  km,  z2-23  km, 
24-33.5  km.  35.5-45.5  km 

liNUft  k 

l&fiQuTC&t 

80 

>53.0 

Golf  of  Masks 

85 

ZDC  45%,  8-13  km;  ZD(5  90%,  lft-3ft.5  km 
ZDC  60%,  30.5-53  km 

Coherent 

85 

100%  coverage  8.5-17.5  km,  18.5-33.5  km,  35-50  km 
51-53  km  and  peak  at  50.5  km 

KATHODE  X 
Incoherent 

95 

>53.n 

Gulf  of  Alaska 

100 

zbc  16%,  9-13  km;  ZDC  90%,  9-38  km 

ZDC  80%.  38-53  km 

RAYMODE  X 
Coherent 

100 

14.5 

100%  coverage  35-53  km 

RAYMODE  X “ 
Incoherent 

100 

>53.0 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over  which 
detection  is  possible. 
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(C)  Table  IIIH-6.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  143  (8.5-53.0  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  IV. 

(Source  Depth  = 30.5  m,  Receiver  Depth  = 305  m, 
Frequency  = 1.5  kHz) 


Data  Set 

FOM 

Rc1 

Range  > RQ 

Gulf  of  Alaska 

80 

ZDC  40%,  9.5-35  km;  ZDC  15%,  35-53  km 

RAYMODE  X “ 

Coherent 

80 

ZDC  10%,  9-42  km 

RAYMODE  X 
Incoherent 

80 

8.5 

100%  coverage  17-19.5  km,  20-20.5  km,  35-37  km 

Gulf  of  Alaska 

85 

ZDC  90%.  9-29.5  km;  ZDC  40%.  29.5-53  km 

RAYMODE  X 
Coherent 

85 

ZDC  60%,  8.5-42  km,  peaks  at  46.5  km  and  47.5  km 

RAYMODE  X 
Incoherent 

85 

35.0 

100%  coverage  35-43  km,  43.5-44  km,  47-48.5  km 

Gulf  of  Alaska 

90 

ZDC  90%,  8.5-30  km;  ZDC  60%,  30-53  km 

RAYMODE  X 
Coherent 

90 

ZDC  80%.  8.5-53  km 

RAYMODE  X 
Incoherent 

90 

>53 

Gulf  of  Alaska 

95 

ZDC  98%,  8.5-30  km;  ZDC  95%.  30-53  km 

RAYMODE  X 
Coherent 

95 

12.5 

100%  coverage  to  53  km  except  dropouts  at 

12.5  km,  21  km,  27  km,  32.5  km,  42  km,  48  km,  49  km 

RAYMODE  X 
Incoherent 

95 

>53.0 

Gulf  of  Alaska 

100 

ZDC  98%,  8.5-53  km 

RAYMODE  X 
Coherent 

100 

27.0 

100%  coverage  to  53  km  except  dropouts  at 
27  km,  33  km 

RAYMODE  X 
Incoherent 

100 

>53 

1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Table  IIIH-7.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  124  (2.5-11.0  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  V. 

(Source  Depth  = 30.5  m,  Receiver  Depth  = 30.5  m, 
Frequency  = 1.5  kHz) 


Data  Set 

FOM 

Rc1 

Range  > Rq 

Gulf  of  Alaska 

75 

ZDC2  65%.  4-6  km 

RAYMODE  X 
Coherent 

75 

ZDC  10%,  4.5-11  km 

RAYMODE  X 
Incoherent 

75 

Gulf  of  Alaska 

80 

ZDC  60%,  3.5-11  km 

RAYMODE  X 
Coherent 

80 

ZDC  45%,  4.5-11  km 

RAYMODE  X 
Incoherent 

80 

100%  coverage  4.5  to  > 11  km 

Gulf  of  Alaska 

85 

ZDC  70%,  3.5-11  km 

RAYMODE  X 
Coherent 

85 

ZDC  60%,  4.0-11  km 

RAYMODE  X 
Incoherent 

85 

2.5 

100%  coverage  4.5  to  > 11  km 

Gulf  of  Alaska 

90 

ZDC  80%.  2.5-11  km 

RAYMODE  X 
Coherent 

90 

100%  coverage  3-4  km,  4.5  - > 11  km 

RAYMODE  X 
Incoherent 

90 

>11.0 

Gulf  of  Alaska 

95 

ZDC  85%,  2.5-11  km 

RAYMODE  X 
Coherent 

95 

>11.0 

RAYMODE  X 
Incoherent 

95 

>11.0 

1.  R = Range  to  which  detection  coverage  is  continuous. 

v# 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Table  IIIH-8.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  124  (2.5-11.0  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  VI. 

(Source  Depth  = 30.5  m.  Receiver  Depth  = 305  m, 
Frequency  = 1.5  kHz) 


Data  Set 

FOM 

"c1 

Range  > Rp 

Gulf  of  Alaska 

75 

ZDC2  50%.  2.5-11  km 

RAYMODE  X 
Coherent 

75 

100%  coverage  2.5-4  km,  4. 5-5. 5 km,  and  5. 5-6. 5 km 

RAYMODE  X 
Incoherent 

75 

6.5 

100%  coverage  10-11  km 

Gulf  of  Alaska 

80 

ZDC  75%.  2.5-11  km 

RAYMODE  X 
Coherent 

80 

100%  coverage  2.5-4  km,  4. 5-6. 5 km;  ZDC  35%,  7-11  km 

RAYMODE  X 
Incoherent 

80 

>11.0 

|M9| 

RAYMODE  X 
Coherent 

85 

4.0 

100%  coverage  4.5-7  km,  7. 5-8. 5 km,  and  9 to  > 11  km 

RAYMODE  X 
Incoherent 

85 

>11.0 

BBHBHHlBi 

90 

ZDC  70¥7  273-<Tkin 
100%  coverage  past  6 km 

m 

4.0 

100%  coverage  to  11  km  except  dropouts  at  7 and  8.5  km 

RAYMODE  X 
Incoherent 

90 

>11.0 

Gulf  of  Alaska 

95 

ZDC  85%,  2.5-6  km 
100%  coverage  past  6 km 

RAYMODE  X 
Coherent 

95 

>11.0 

RAYMODE  X 
Incoherent 

95 

>11.0 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2,  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Table  IIIH-9.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  108  (2. 5- 28.0  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  VII. 

(Source  Depth  = 1067  m,  Receiver  Depth  - 30.5  m, 
Frequency  = 2.5  kHz) 


Data  Set 

FOM 

Rc‘ 

Range  > Rc 

Gulf  of  Alaska 

75 

RAYMODE  X 
Coherent 

75 

ZDC2  80%,  2. 5-4. 5 km 

RAYMODE  X 
Incoherent 

75 

4.5 

Gulf  of  Alaska 

80 

Single  peak  at  2.5  km 

RAYMODE  X 
Coherent 

80 

3.5 

ZDC  40%.  3.5-11.5  km;  ZDC  10%.  17-28  km 

RAYMODE  X 
Incoherent 

80 

7.0 

106%  coverage  16.5-18  km,  ,5-26  km,  and 
a peak  at  18.5  km 

Gulf  of  Alaska 

85 

Single  peaks  at  2.5  and  8.5  km 

rAYmode  X “1 
Coherent 

85 

5.0 

ZDC  55%.  5.0-28  km 

RAYMODE  X 
Incoherent 

85 

>28.0 

Gulf  of  Alaska 

00 

ZDd  26%,  2.5-20  km; 

100%  coverage  27.5-28  km 

RAYMODE  X 
Coherent 

90 

13.5 

100%  coverage  14-19.5  km  except  for  dropouts  at  16  km 
and  18  km;  100%  coverage  20-26  km.  27-28  km 

rAYmode  X 
Incoherent 

90 

>28.0 

Gulf  of  Alaska 

95 

ZDC  40%.  2.5-28  km 

RAYMODE  X 
Coherent 

95 

14.0 

100%  coverage  to  28  km  except  for  dropouts 
at  14  and  19.5  km 

rAYmode  x 
Incoherent 

95 

>28.0 

Gulf  of  Alaska 

100 

ZDC  60%.  2.5-28  km 

Raymode  x 
Coherent 

100 

>28.0 

rAYmode  x 

Incoherent 

100 

>28.0 

£' 


a 


5s 


R 


I 


i 


i 


1.  Rfi  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Table  IIIH-10.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  108  (2.5-28.0  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  VIII. 

(Source  Depth  = 1067  m,  Receiver  Depth  = 30.5  m. 
Frequency  = 2.5  kHz) 


Data  Set 

FOM 

Gulf  of  Alaska 

80 

RAYMODE  X 
Incoherent 


Range  > R 


RAYMODE  X 
Incoherent 


100  >28 


1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Table  IIIH-11.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  107  (30-67  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  IX. 

(Source  Depth  = 1067  m,  Receiver  Depth  = 30.5  m, 
Frequency  = 2.5  kHz) 


Data  Set 

FOM 

"c1 

CZ 

Start 

CZ 

End 

Gulf  of  Alaska 

85 

-RATMODB  X 
Coherent 

85 

46.0 

48.0 

ZDC2  10%.  30-37.5  km 

RAYMODB  X 
Incoherent 

85 

46. 6 

48.0 

Gulf  of  Alaska 

90 

45.0 

48.5 

Convergence  zone  detection  coverage 
is  50% 

raYKiodk  X 
Coherent 

90 

45.0 

51.0 

Convergence  zone  detection  coverage 
is  60%:  ZDC  55%.  30-40.5  km 

RAYMODB  X 
Incoherent 

90 

38.5 

45.0 

49.0 

- Gulf  of  Alaska 

95 

45.0 

56.0 

RAYMODB  X 
Coherent 

95 

45.0 

53.5 

ZDC  804,  30.0-43.5  km;  CZ  detection 
coverage  is  85%;  ZDC  20%.  54.5-60.5  km 

raym6db  x 

Incoherer 

95 

57.0 

Gulf  of  Alaska 

100 

ZDC  30%,  30-45  km;  ZDC  75%,  45-56  km 
ZDC  15%.  56-67  km 

RAYMODB  X 
- Coherent 

100 

43.0 

53.5 

100%  coverage  30-43  km 
ZDC  80%.  53.5-67  km 

RAYMODB  X 
Incoherent 

100 

08.0 

Gutf  of  Alaska 

105 

ZDC  70%.  30-45  km;  ZDC  85%,  45-57  km; 
ZDC  35%.  57-67  km 

rAVmodi  X 

Coherent 

_ 105 

51.0 

RAYMODB  X 
Incoherent 

105 

>87. 

Gulf  of  Alaska 

110 

ZDC  85%,  30-45  km;  ZDC  95%,  45-57  km 
ZDC  60%.  57-67  km 

RAYMODB  X 
Coherent 

11Q  _ 

51.0 

100%  coverage  to  67  km  except  for  dropouts 

raymode  X 
Incoherent 

110 

>87.0 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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1.  R(  = Range  to  which  detection  coverage  is  continuous. 


2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Table  IIIH- 13.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  112B  (2-19.S  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  XI. 

(Source  Depth  = 305  m,  Receiver  Depth  = 30.5  m, 
Frequency  = 2.5  kHz) 


Data  Set 

FOM 

B 

Range  > R 

C 

Gulf  of  Alaska 

75 

ZDC2  50%.  2-6  km 

RAYMODE  X 
Coherent 

75 

BW 

Peaks  at  14  km  and  16  km 

75 

11.5 

Gulf  of  Alaska 

mm 

ZDC  70%.  2-7  km 

RAYMODE  X 
Coherent 

mm 

m 

RAYMODE  X 
Incoherent 

mm 

1 

Gulf  of  Alaska 

85 

ZDC  961,  2-6.5  km;  ZDC  30%.  6.5-11  km  4 

ZDC  5%.  11-19.5  km 

85 

8.5 

■■ 

>19.5 

Gulf  of  Alaska 

mm 

fcDC  98%,  2-6  km;  EDC  66%,  6.5-11  km  “*  “1 

ZDC  35%.  11-19.5  km 

RAYMODE  X 
Coherent 

90 

11.5 

RAYMODE  X 
Incoherent 

mm 

>19.5 

Gulf  of  Alaska 

95 

6.5 

ZDC  90%,  6.5-11  km;  ZDC  60%,  11  19. 5 km 

RAYMODE  X 
Coherent 

95 

12.0 

95 

>19.5 

Gulf  of  Alaska 

100 

■h 

ZDC  90%.  7-19.5  km 

100 

Continuous  coverage  to  19.5  km  except  for 
dropouts  at  12  km  and  13.5  km 

RAYMODE  X 
Incoherent 

100 

>19.5 

1.  R = Range  to  which  detection  coverage  is  continuous. 

U 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Table  IIIH-14.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  112B  (2-19.5  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  XII. 

(Source  Depth  = 305  m , Receiver  Depth  = 305  m , 
Frequency  = 2.5  kHz) 


Data  Set 

FOM 

V 

Ranve  > Rc 

Gulf  of  Alaska 

70 

ZDC2  30%,  2-3  km 

raymOde X 
Coherent 

70 

2.5 

ZDC  10%,  3-8  km;  peak  at  11.5  km 

RAYMODE  X 
Incoherent 

70 

5.0 

Peak  at  6 . 5 km 

Gulf  of  Alaska 

75 

2.0 

ZDC  30%,  2-7  km 

RAYMODE  X 
Coherent 

75 

3.0 

ZDC  35%,  3-11.5  km;  106%  coverage  15-16  km  and 
16.5-18  km 

RAYMODE  X 
Incoherent 

75 

8.5 

ZDC  65%.  8.5-12.5  km;  ZDC  60%,  15-19  km 

Gulf  of  Alaska 

80 

3.0 

ZDC  85%,  2-7.5  km;  ZDC  10%,  7.5-15.5  km  “ 

ZDC  40%.  15.5-19.5  km 

RAYMODE  X 
Coherent 

80 

3.5 

ZDC  65%.  3.5-12.5  km;  100%  coverage  14.5-18  km 
and  18.5-19.5  km 

RAYMODE  X 
Incoherent 

80 

18.5 

Continuous  coverage  to  19.5  km  with  dropout  at 
18.5  km 

Gulf  of  Alaska 

85 

5.5 

ZDC  40%.  5.5-19.5  km 

RAYMODE  X 
Coherent 

85 

3.5 

ZDC  90%,  3.5-13  km;  100%  coverage  14-19.5  km 
except  for  dropout  at  18  km 

RAYMODE  X 
Incoherent 

85 

>19.5 

Gulf  of  Alaska 

90 

6.5 

ZDC  6.5%.  6.5-19.5  km 

RAYMODE  X 
Coherent 

90 

3.5 

ZDC  98%,  3.5-13.5  km;  100%  coverage  14.5-19.5  km 
except,  for  dropout  at  18  km 

RAYMODE  X 
Incoherent 

90 

>19.5 

Gulf  of  Alaska 

95 

9.5 

ZDC  90%,  10-14  km  " 

100%  coverage , 14-19.5  km 

RAYMODE  X 
Coherent 

95 

13.5 

100%  coverase  14-19.5  km 

RAYMODE  X 
Incoherent 

95 

>19.5 

1.  R = Range  to  which  detection  coverage  is  continuous. 

c 

2.  ZDC  = ”3nal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Table  IIIH-15.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska. 

Run  112A  (15-58  km)  Experimental  Data  and 
RAYMODE  X Model  Results. 

Case  XIII. 

(Source  Depth  = 305  m.  Receiver  Depth  = 30.5  m. 
Frequency  = 2.5  kHz) 


Data  Set 

FOM 

“e* 

Range  > R 

Gulf  of  Alaska 

85 

ZDC2  5%,  30-32  km 

Raymode  X 1 
Coherent 

85 

ZDC  45%.  15-51  km 

RAYMODE  X 
Incoherent 

85 

30.0 

ZDC  65%,  30-38  km;  ZDC  75%,  44.5-49.0  km 

Gulf  of  Alaska 

90 

ZDC  15%,  22.5-55  km 

RAYMODE  X 
Coherent 

90 

ZDC  65%,  15-55.5  km 

RAYMODE  X 
Incoherent 

90 

52.5 

100%  coverage  53-53.5  km  and  54-54.5  km 

Gulf  of  Alaska 

95 

ZDC  50%.  22.5-58  km 

RAYMODE  X 
Coherent 

95 

19.0 

100%  coverage  19-22  km,  22  km  - 34.5  km 
ZDC  75%.  34.5-58  km 

RAYMODE  X 
Incoherent 

95 

>58 

Gulf  of  Alaska 

100 

ZDC  15%.  15-22  km;  ZDC  70%.  22-58  km 

RAYMODE  X 
Coherent 

100 

37.0 

ZDC  90%,  37-58  km 

rayMode  X 
Incoherent 

100 

>58 

Gulf  of  Alaska 

105 

ZDC  50%,  15-24  km;  ZDC  95%.  24-58  km 

RAymGde  X 
Coherent 

105 

37.0 

ZDC  95%.  37-58  km 

RAYMODE  X ” 
Incoherent 

105 

>58 

Gulf  of  Alaska 

110 

ZDC  80%,  15-24  km;  ZDC  98%.  24-58  km 

RAYMODE  X 
Coherent 

110 

>58 

RAYMODE  X 
Incoherent 

110 

>58 

1.  R = Range  to  which  detection  coverage  is  continuous. 

c 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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Data  Set 


(C)  Table  IIIH-16.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Gulf  of  Alaska, 

Run  112A  (15-58  km)  Experimental  Data  and 
RAYMODE  X Model  Results . 

Case  XIV. 

(Source  Depth  = 305  m,  Receiver  Depth  = 305  m, 
Frequency  = 2.5  kHz) 


Range  > R 


hi 


Gulf  of  Alaska 


CO  »):•■'< 

355 

:W\i 


Coherent 


MODE  X 
Incoherent 


Gulf  of  Alaska 


K^^fOOJH 


Incoherent 


Gulf  of  Alaska 


Coherent 


Gulf  of  Alaska 


Incoherent 


Gulf  of  Alaska 


Incoherent 


Gulf  of  Alaska 


YMODE  X 
Coherent 


Incoherent 


ZDC*  10%,  15-33  km 


ZDC  60%,  20-33  km 
Peaks  at  22.5  km  and  47  km 


ZDC  40%,  15-33  km;  ZDC  10%,  33-45  km 


coverage  15-21. 5 km; 
Peak  at  52.5  km 


100%  coverage  to  39  km  except  for  dropouts  at 
26.5  km,  33  km,  37.5  km;  ZDC  60%,  39.5-53.0  km 


m; 

ZDC  20%,  47-58  km 


I fctM  iME 


m ueKiti-muot  m u*c  nimKSia  cr 


100%  coverage  15-22  km;  ZDC  80%,  23-58  km 


ZDC  50%,  52.5-58  km 


m; 

ZDC  50%,  47-58  km 


m;  ZDC  95%,  33-47  Km 

ZDC  85%,  47-58  km 


100%  coverage  to  58  km  except  for  dropouts  at 
25  km,  45  km,  46  km,  51  km,  54.5  km 


coverage  to  58  km  except  for  dropouts  at 
25  km,  45  km,  46  km,  54.5  km 


1.  R = Range  to  which  detection  coverage  is  continuous. 

c 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  over 
which  detection  is  possible. 
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(C)  Figure  IIIH-8.  Gulf  of  Alaska,  Run  140,  Source  Depth  = 30.5  Meters, 

Receiver  Depth  = 30.5  Meters,  Frequency  = 1.5  Kilohertz 
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(C)  Figure  IIIH-46.  RAYMODE  Incoherent,  Run  143,  Source  Depth  = 30.5 

Meters,  Receiver  Depth  = 30.5  Meters,  Frequency  = 

1.5  Kilohertz,  Subtracted  from  Smoothed  Gulf  of  Alaska 
Run  143,  Source  Depth  = 30.5  Meters,  Receiver  Depth  = 

30.5  Meters, Frequency  = 1.5  Kilohertz 
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(C)  Figure  IIIH-76.  RAYMODE  Coherent,  Run  112B , Source  Depth  = 305  Meters, 

Receiver  Depth  = 30.5  Meters,  Frequency  = 2.5  Kilohertz 


(C)  Figure  IIIH-78.  EAYMODE  Incoherent,  Run  112B , Source  Depth  = 3C5  Meters, 

Receiver  Depth  = 30.5  Meters,  Frequency  = 2.5  Kilohertz 


(C)  Figure  IIIH-82.  RAYMODE  Incoherent,  Hun  112B,  Source  Depth  = 305  Meters, 

Receiver  Depth  = 305  Meters,  Frequency  = 2.5  Kilohertz 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
800  NORTH  QUINCY  STREET 

ARLINGTON,  VA  22217-5660  IN  REPLY  REFER  TO 

5510/1 
Ser  93/160 
10  Mar  99 


From:  Chief  of  Naval  Research 

To:  Commander,  Naval  Meteorology  and  Oceanography  Command 

1020  Balch  Boulevard 
Stennis  Space  Center  MS  39529-5005 

Subj : DECLASSIFICATION  OF  PARKA  I AND  PARKA  II  REPORTS 

Ref:  (a)  CNMOC  ltr  3140  Ser  5/1 10  of  12  Aug  97 

Enel:  (1)  Listing  of  Known  Classified  PARKA  Reports 

1 . In  response  to  reference  (a),  the  Chief  of  Naval  Operations  (N874)  has  reviewed  a number  of 
Pacific  Acoustic  Research  Kaneohe- Alaska  (PARKA)  Experiment  documents  and  has 
determined  that  all  PARKA  I and  PARKA  II  reports  may  be  declassified  and  marked  as 
follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  Chief  of  Naval  Research 
letter  Ser  93/160,  10  Mar  99. 

DISTRIBUTION  STATEMENT  A:  Approved  for  public  release.  Distribution  is 

unlimited. 

2.  Enclosure  (1)  is  a listing  of  known  classified  PARKA  reports.  The  marking  on  those 
documents  should  be  changed  as  noted  in  paragraph  1 above.  When  other  PARKA  I and 
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